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Gbographt i& a description of the Earth, or it is a sci- 
ence that teaches the positions of all the regioae of jthe 
earth, with regard to each other, and descrit^s the prin- 
cipal objects they contain. Many of the sciences grcup 
themselves around Geography, and yield to it, and tjfx - 
each other, a mutual support. 

Geography is now considered in a more enlarged senqo ' 
than it was originally. It now comprehends four great.' 

divisions, viz : •-. .•^'^ "" hA 

1. Mathematical geography occupies itself in measure*- 
meuts of the earth's surface, and in ascertaining the loca- 
tion of places, with reference to certain fixed lines, or lines 
of latitude and longitude. 

2. Historical geography consists in noting the times of 
particular events, and the places and circumstances of 
their occurrence. 

3. Political geography describes the earth in its rela- 
tions with men. 

4. Physical ^eii^rraphy is a branch of geography which 
is freed from the limitation of kingdoms and empires, and 
all artificial divisions. It embraces the natural history of 
the .earth, — all objects that can be represented by geo- 
graphical maps, and every thing, depending on causes, 
which may have concurred, at difierent times, in the ac- 
tual constitution of the earth. 

Physical geography includes Geology ; a science that 
has for its object the examination of the structure of the 
earth, the manner in which all the materials forming it 
are arranged with regard to each other, and the action of 

QUESTIONS ON THE INTRODUCnON TO GEOLOGY. 

What 18 ffeo^aphy ? What does geography now 
comprehend f What is mathematical gecgraphy7 
What is historical geography 9 What is political ge- 
(^rapih/y? What is physical geography^ or mai 
aoea it embrace ? What is geology 7 



6 INTRODUCTION. 

fhMrtBj raiiH^0e»(ds, tide8,wiiid8, earthquakes and volcaiioei^ 
in 6fiectin,e'ChaD^ upon its surface. The study of ge- 
ology l^dd' us to examine and reflect upon the works of 
nature^hat we see every where scattered around us, and 
it reveals.to us the history of the great convulsions and 
revob,ti6i^s that the earth has experienced at remote pe- 
riods oPii me. The question, '* What is the earth made 
of?'\ hKs probably presented itself to every mind, and this 
question, under certain limitations, includes most of the 
objects of geology,viz : "What are the substances of which 
the .earth is composed ? What is the order in which they 
h're arranged? What are the changes which they appear 
^ Jka'have undergone ?" 

Xkti ;^f at an^ p swrt of the earth's surface we examine the 
substances composing it, we find that they are either clay, 
sand, gravel, rock, or various mixtures of these, and that 
if rock be not found at the surface, it may be by digging 
to some depth below, and that below this, the solid rock 
continues as far as the power of man has hitherto enabled 
liim to penetrate. 

When we slightly examine the surface of the earth, 
every thing seems without regularity ; but by close obser- 
vation, we see that the rocky; as well as the earthy mate^ 
rials exposed to our view, are not all sHk©, but differ much 
in their appearance, properties and composition, and that 
these rocks are arranged in a regular order one over tha 
other. The rocks and other earthy bodies are composed 
of minerals. Sometimes a single kind of mineral fbrmi 
the masses of sand, clay or rock ; but more oflen, two or 
more mineral substances are aggregated to form those 
bodies. 

Minerals, are those bodies found in or upon the earth, 
that are not animal or vegetable productions. There are 

What does geolofcy lead us to examine 7 What doet 
it reveal to us ? What are the principal subjects ^ 
geological enquiry^ Of what materials do we find (^ 
earth composed? Does the solid rock always occm 
mthin a moderate depth from the surface ? and fun 
far does it continue? Of what are the rocks composed ' 
fVhai are minercdsl 
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Aly ten that oceor in such abundanee as to form the pro- 
per eonetitnent parts of rocks, and these are by Professor 
Eaton called the geological alphabet. 
They are 

Quartz ; Chlorite ; 

Feldspar ; Talc ; 

Mica ; Gypsum ; 

Hornblende ; Limestone ; 

Augite; Serpentine. -it^-Ti 

The other minerals are found in veins, which appear 
to have been once open fissures in the rock, and since filled 
with mineral matter ; or in beds which are isolated mass- 
es of mineral, imbedded in other rocks; or else they are 
disseminated, or scattered irregularly in the rocks in small 
grains and masses. 

Certain mineral substances are found almost constantly 
aaaociated with certain others, so that if one be found in 
any particular situation, the others may be expected to be 
found by searching for them. Salt, and salt water, for 
instance, are almost always found in connection with clay 
and gypsum ; lead ores with thoBcxiC zinc ; xln ores with 
those or tungsten and with topaz. 

Rocks are the BSffro^ates of grains or pieces of one 
or more minerals, adhenng to each other so as to form 
masses. 

The grains of minerals are so small in some rocks, as 
not to be distinguished from each other, and then these 
rocks are said to be compact. When the grains are dis- 
tinguishable from their magnitude, the rock is said to be 
jfrrcmidar in its structure. When the parts composing 
me rocks shew plane and brilliant surfaces on being 

How many and what minerals form the rocks? 
Where do the other minerals occur ? JVhat are veins f 
andwJuU heds^ When are minerals disseminated? 
Do particular minerals almost constantly accompany 
§ach other ? What minerals ticcompany salt and salt 
water ^ What ores are associated with the lead ores? 
What ores and mineral with tin aresf What are 
rodal When are they compact? when grantdar t 
§md whm cryHaiUmf 
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8 INTRODUCnOK. 

broken, they are said to be crystalUne, The e| 
joined limeitopes are generally inataooes of the comf 
stiucture. Common sandelDoeBbewB the flpranular; < 
the white marbles and granite the crystalline stracta 
Rocks are said to be slaty, or to have a riaty stnicti 
when they split out in thin .layers like common slate 
roofing, or drawint^ slate. 

_ The mean density * of the earth is about Sve tii 
than water ; and as the mean density or spec 



gravity of the mass of materials at, and near, the surf 
of the earth, is only two and a half, it followe, that 
mean density at some distance below, is greater than 
and near its surface. 

There are certain phenomena, which seem to indio 
that the mass of the earth at some distance below 
surface, must be in a liquid or melted state. 

1. The earth has the exact form that a fluid b 
would assume, moving as the earth does. 

2. The earth loses more ccdornc^ than it receivee 
the course of a year, and sufRcient to melt several fee 
depth of snow over iu whole surface. This would i 
cate, that it is a gradually cooling mass. 

3. The rapidity with which motion is communic 
over extensive portions of the earth during eanhqu 
ia somewhat like the ground swell, felt on the ocean 
on floating icefields, hours before any motion of the 
perceived. 

If hat rocks are instances of the compact, gra 
and crystaUine structures ? What is the slaty 
ture ? What is the mean density of the earth 7 
is the mean density of the bodies near the surf act 
earth ? What resruts from this difference ? 
phenomena seem to indicate that the earth may 
at a considerable depth below the surface ? 

* The density and specific irraTity are synonymous, 
mean the relatire weight of a body^ when compared wil 
bulk of water. 

t Carloric is that which enters into a body when he 
paaaea off* when cooling. Heat is a tern) applied to tb 
fre perceive ia touching a hot body. 
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»^ The occasional simultaneouB action of volcano4f,.far< 
MBBt from each other. r 

5. Ai^ going 50 or 60 feet below the surface of the 
earthy the heat increases according to the depths from one 
to two degrees of Farenheit's thermometer for every 10(^ 
&et. The warmth of the eaxth below the surface is va- 
nable from 30 to 60 feet, in consequence of the variation 
cf the seasons, and the filtering of rain and spring water 
(hrough the ground ; but below that, the temperature ii 
tnifbrm from season to season, and warmer as you de- 
ccend ifarther. In the caves under the city of Paris, the 
ttiermometer does not shew a variation of one-tenth of a 
cegree of Farenheit's thermometer from one year's end 
t3 another. 

If the temperature increases with the same rapidity to 
tie centre of the earth, as it does for 2000 feet from the 
surface, the heat, from 30 to 60 miles below, would be suf- 
ficient to melt the most refractory rocks. 

It is only the crust of the globe that comes under our 
direct observation, and it is to this, that geology more par- 
ticularly confines itself. 

In speaking of the cirust of the globe, it is not meant to 

co3vey an idea that the earth is hollow, or in a fluid state, 

} but that the part coming under our observation is analo- 

j " gous to a thin crust or rind, in comparison with the mass 

of the earth. The greatest depth to which man has pe- 

- netrated is less than 3000 feet, and the highest mountains, 

the Himalaya, are lees than 27,000, so that not more than 

30,000 feet from the surface towards the centre, ia exposed 

Hmufarhdow the surface is the temperature variable 
from the effects of the seasons, springs <f c. ? Below that 
depth does the temperature vary at any particular 
place ? As you descend deeper does the temperature 
diminish or increase ? Should the temperature increase 
at the rate observed, at what depth would the heat be 
m^dent to nieU the rocks ? What part of the Earth 
cornea under our observation 1 What is meant in speak- 
ing of the crust of the globe 7 To what depth has man 
penetrated into the Earth ? How high are the highest 
mountaina on ihejji'lcbe? 
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to oQf obeervatioD. 30,000 feet is about onenaeven htni> 
dredth part of the distance from the surface to the centre. 

This portion of the earth exposed to our observation, 
bears no more proportion to the magnitude of the ^lobe^ 
than does the thin coat of varnish on an arti6ciaJ globe to 
its mass. The most elevated mountains, may be compar- 
ed to the dust collected on a school globe ; and the great 
mountain chains to fibres of silk stretched across its cur- 
face. 

Such views shew the insignificance of man when com- 
pared with the stupendous works of our Creator ; and we 
may well exclaim with the Psalmist : " What is man- 
that thou art mindful of him," — Ps, viii. 4. 



How does the whole thickness that we can examine 
compare with tlie whole Earth ? To what may the moun^ 
tains and mountain chains he compared ? 
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CHAP. I. 

The proper foundation of Geology, as a science, was laid 
by a German, of the name of Lehman. He observed that 
although there were many kinds of rock, they could all be 
referred to two general classes. He likewise observed that 
the lowest rocks exposed to our observation were more or 
less crystalline in their structure, and contained no traces 
of the remains of plants or animals ; while the rocks lying 
over the latter were generally compact, slaty, or granu- 
lar, and abounded in the remaidl'^fifUMrine animals, such 
as various shells and bones, or with plants, as the ferns 
and reeds. From the circumstances of their different 
structure, and from one contaiMng organic remains, or 
remains of animals and planis, ne inferred, that the low- 
er rocks containing no organic remains, were formed^r^f, 
from which circumstance he called them primary or 
primitioe rocks; and the others lying upon the primary, 
and containing organic remains, he called secondary 

By whom wa>8 thefoundaiton of Geology laid ? What 
did he observe as to the kinds of rock 7 What was the 
structure of the lower rocks f What wa^ the stnu> 
ture of the upper rocks? What were found in the 
upper thai were not in the lower rocks ? From the or- 
g'anic remains found in the upper rocks, what conclur 
eion was drawn as to the relative ages of the upper and 
lower rocks 1 What were the upper or fossilifer* 
cus rocks' called^ What are organic remains or foS' 
siU ? What are petrifactions 7 
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12 ELEMENTS OF GEOLOGY. 

rocks. The remains of animalfl and plants, naturally 
enclosed in the rocks, clays, &c. are called organic re- 
mainSy because th^ are the remaiids of organic bodies } 
they are also called fossils ; and when the organic sub- 
stance is changed into stony matter, they are called pe- 
rifactions. 

The ocean has not always been confined to its present 
bed, for, rocks composed mostly of the remains of various 
marine animals, are found in almost every country. - The 
rocks containing these remains are not confined to detach- 
ed masses, but often form extensive layers, or strata, as 
they are called, of many miles, and often, many hun- 
dreds of miles in extent. They not only occur in valleys, 
but they cap the highest mountains, and their thickness 
varies from a few inches to several hundred feet. Near- 
ly all the organic remains, beipg those of animals calcu- 
lated only for living in water, the sea must, at some time, 
have covered all the land for a considerable period. We 
see, then, that the relative levels of the continents and 
ocean must have changed ; and one of two conclusions 
follows, viz : that. the^<n|Jp ^^^ fallen below its former 
level and exposedTI^ dry land, or, that the continents 
have been raised and made to emerge from the ocean. 

We find the remains of animals and plants imbedded 
in the rocks, not only neA the surface of the earth, but at 
the depth of hundreds and even thousands of feet. An- 



Hds the ocean been always confined to its present bed9 
And what evidence is there that it has covered all the 
and 7 Do the rocks containing organic remains occur 
abundantly in almost every country ? And do they oc- 
cur of any great extent and thickness ? 

Were the animals, whose remains are found, adapted 
for living in water or on land ? From observing that 
rocks filled with the marine animals are abundant over 
a large portion of the earth, what conclusion follows 7 
Are the organic remains imbedded in the rocks near 
I the surface only? Are they of every kind, jumbled 

f indiscriminately together 1 Aria hau) are they arran- 



sLm^iliTs OP .j5yBp;;*9GY. 13 

tAher point desenres at^ntipo, viz : that these organic re- 
maiDBoire not of every kind jumbled together, hut that 
particular species belong to particular strata, where, in 
general, they appear to have grown, died, and been im- 
bedded. Many of the rocks are several hundred feet in 
thickne6s,and the strata of each exhibit distinct species and 
ffenera of animals. The animeils cannot have penetrated 
through the vast masses under which they are entombed, 
and the succession of difierent animals shews, that tlie 
strata must have been formed in succession, and each, 
mast at some time have been the uppermost stratum, in, 
and upon which the animals were deposited, and after- 
wards covered by succeeding strata. In the lower secon- 
dary rocks, the organic remains are almost entirely differ- 
ent from the existing genera and species of animals and 
J)lants ; and in proportion as the rocks are of more recent 
origin, lying successively upon the lower ones, the fossils 
^ipproach more and more nearly to the animals and plants 
in existence. The fossil remains of animals, not now in 
existence, entombed in the solid rocks, present us with 
durable monuments of the great revolutions which the 
«arth has undergone at remote periods' of time, and open 
to us a new page for our study and investigation in the 
great book of nature. 

The period of time required to produce the effects ob- 
served in the fossiliferous rocks must have been very great. 
Clearly, that was not a temporary inundation like the 
deluge, the evidences of whicli we see every where on 
ithe surface of the earth ; but, it would spem, must have 

Do the animah appear to have penetrated throvgh 
the tnasses under which they are found 7 And what does 
the succession of different animals in the different stra- 
ta sh£W ? Are the animals in ihe lower secondary rocks ^ 
simitar to those now existing ? In the most recent rocks 
do the 07'franic remains approach more nearly to the 
animals and plants note existing. What do the fossil 
remains shew us ? Does any great period of time ap- 
pear to have been required to produce the observed re- 
sults 7 Do we see evidences of the deluge^ a>8 weU as of 
other conviUsiona and inundations ? 
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continued for almost countlesB ages. This may ai finft 
seem to clash with the Mosaic account of the Creotioa at' 
the world ; but instead ot that, geology ofiera incontesti- 
ble evidence of ihe truth of the Mosaic account. The 
order which this account assigns to the different epochs 
of creation, is precisely the same as that, which has been 
deduced from geological considerations. Geology is a 
science which has been thought by many persons to draw 
conclusions at variance with the Book or Genesis ; but, 
" when at last more matured by a series of careful observ- 
ations and legitimate induction, it teaches us precisely 
what Moses had taught more than three thousand years 
ago." 

In construing day^ in the Mosaic account of the crea- 
tion, periods or time of indefinite duration must be substi- 
tuted. The reader who may have any doubts upon this 
interpretation of the term day, is referred to the American 
Journal of Science, Vol. XXV. pages 30—41, where a 
full exposition of the terms employed in 1st. of Genesis is 
given, independent of geological considerations. All ge- 
ologists, or at least the largest portion of them, admit, that 
the discoveries of geology are perfectly consistent with 
the Mosaic History. The following extract from Bake- 
wcU'r Geology bears in some degree upon the same point. 

" The six days in which Creative Energy renovated 
the globe, and called into existence different classes of 
animals, will imply six successive epochs, of indefinite 
duration. The absence of human bones in stratified 
rocks, or in uMisturbed beds of gravel or clay, indicates 
that man, the most perfect of terrestrial beings, was not 
created till after iViose great revolutions, which buri^ 
different classes and entire genera of animals, dieep under 
the present surface of tVie earth. That man is the latest 

From geological phenoTuena how is the term day ea?- 
plained, as used in the Mosaic account of the creation 
of the vx)rldl Does geolaey serve to "prove any parU 
of the sabered writings 7 What geological 'phenomenon 
shows that man is the animal lastjbnned upon the earth T 

Do the oldest records and traditions prove thesamer 
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teDEDt of the globe, ia coDfirmed by the ddest records or 
traditioDs that exist of the origin of the human race. 

The great convulsions which have changed the ancient 
surface of the globe^ and reduced it to its present habita- 
ble state, were not, it is reasonable to believe, effected by 
the blind fury of tumultuous and conflicting elements, blit 
-were the result of determined laws, directed by the same 
vrisdom which regulates every part of the external uni- 
verse. Comp2ired with the ephemeral existence of man 
on the earth, the epochs of these changes may appear of 
almost inconceivable duration ; but we are expressly told, 
that with the Creator a thousand years are as one day, 
and one day as a thousand years." 



CHAIP. It. 

Bvery one must have observed that the mineral sub^^ 
vtances upon the surface of the Earth, differ much in their 
hardness, weight, colour, and other qualities. The differ- 
ent minerals appear at first so numerous as to make it dif^ 
ficult to become familiar with them, but on examination it 
is found, that the number of minerals is not very great, 
and the elementary substances composing them still less. 
The bodies called elementary or simple bodies, are those 
that have never as yet been decomposed into two or more 
other bodies, as for instance gold, silver, tin^ copper, lead, 
sulphur, &c. 

The whole of the elementary substances forming ill 
the minerals, rocks, plants, animals, and every thing we 
can see upon or in the earth, is only about fifty. 

Do the mineral bodies differ much in their qvalities ? 
Do they appear very numerotu ? and are niiey a» nti- 
merouB qb they oWj^^ to be! What are t^dmentaryor 
mmplebodieil What is about thenumber of simple 
bodSes? 



\ 
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The elementary substances entering into combiimtion* 
with each other to form the principal part of the maBs 
^the globe, are, 

Oxygen. ' Silicon. Aluminum Potassium 
^Chlorine. • Carbon. » Calcium » Sodium 
\Hyorooen. , Sulphur. Magnesium Iron 

0}iygen is the most common substance existing in com- 
bination with other bodies, and is supposed to constitute a- 
bout ope half of tlio whole weight of the materials on the 
surface of the globe. By its combination with silicon it 
forms sUea:, which enters into most of the minerals and 
rocks in large proportion. 

Oxygen combined with hydrogen forms water ; with 
carbon, forms invisible elastic bodies like air, but which if 
breathed destroy life ; with sulphur forms acids,t one of 
which is used in bleaching straw, and which you always 
smell when sulphur^ is burnt in the air, another of these a- 
cids is called sulphuric acid and oil of vitriol. 



Are aU substances formed of those few simple bodies ? 

What are the elementary substances that form almost 
all the mass of the globe as far as we knoiD ? Which 
of these is most common in combination with other 
hodiea ? About what proportion of the weight of the 
bodies of the Earthy is oxygen supposed to constitute? 

What does it form by combining with silicon ? What 
does it form by uniting with hydrogen ? Wliat does it 
form when combined with carbon ? What effect is pro- 
duced by breathing those compounds ? When oxygen 
Hnites with sulphur what are found ? For wivat is one 
<f these acids used and what is its odour ? What is 
me other acid called ? 



* SiX)stance8 are said to combine, when they unite with each 
other soas to change their properties. Thus poiassa or soda, by 
union wit^ oil or grease, rorm soap, a substance totally differeot 
from the bodies of which it is formed. 

' t Acids are ^nerally sour to the taste, and by their combina- 
tion with other V>die8. they form substaincefl differing both from 
the acid and the other body. 



£LmU»fT8 OF GCOLOGT. 17 

Oxjrgeo unites with aluminum, calcium, magnesium, 
potassium, and sodium, which are metals, and forms with 
the first alumina, which exists abundantly in the clays 
and slates; with calcium it forms lime, with magnesium 
magnesia, with potassium potash, and with sodium so^ 
da, and with iron it forms the common ores of iron. Ox- 
Yfi^ is contained in large proportion in the air, and it is 
that which supports life by our breathing. It is for want 
of oxygen that persons die so soon when under water. 
Most bodies when uniting with oxygen, bum, or give out 
lifl^t and heat 

It is owing to the combination of oxygen with other sub- 
stances, that oil, tallow, and wood burn. 

Oxygen, when free, is a gaseous body ; that is, an elas- 
tic,* transparent body like air. 

When oil, tallow, charcoal or wood are burning, carbo- 
nic acid or fixed air is formed, by the combination of car- 
bon and oxygen. Carbonic acid is the' gas that causes so 
many accidents in caves, wells, &c. by people descending 
into them without proper caution. Being heavier than 

When oxygen unites with aluminum, what is formed, 
ond in what does alumina exist aJbundanily ? What 
are formed by the union of oxygen with calcium, masf. 
nesium^ potassium, sodium, and with iron ? In What 
w oxygenfound in large proportimi f What must he 
in the air, to support Itfe when we breath it ? IVhy is it 
that persons drown tinder water ? When bodies unite 
with oxygen, what generally happens 7 Why is it that 
oil, tallow, wood, (^c. bum when heated in the open air ? 
What is oxygen J What is a gas, or gaseous body ? 
What gas is formed during the biu^ing of wood, oil, 
tallow, or charcoal 7 Is this gas heavier than air 7 
Does it ever cause accidents, and of what kind 7 

* Bodies are said to be elastic when they can be compressed into 
a smaller space, and when the pressure is remofed, ihey restore 
themseWes to their original form and bulk. Bodies that are sol- 
id may be bent, if longer than broad and thick. If they restore 
themtelres to tneir first shape they are also said to be elastic. 

B 
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^r, it oeeapies the lower portion of the well of caYe^ hod 
as flooa as a penoD is immeraed in it, life is destroyed. Ae 
a candle or lamp will not bam in it, its presence can b% bb-. 
certained by lowering a candle into the well, cave or mine, 
flbeukl the candle not bum freely, it is not safe to entier. 

Chlorine and hydrof|;en are also gaseous bodies, bat will 
not support life. 

Chlorine is of a yellowish green colour, and of a peciid- 
iar odour. It exists abundantly in combination with sodi^ 
am to form common salt Salt is contained in the waters 
of the ocean, and in such quantity that if separated, it 
would cover all the land on the globe toihe depth of 1800 

feet. 

La Place estimated the mean depth of the oeean at 10 
miles, and from this and the known quantity of salt in 
the water, the above estimate is made. 

Hydrogen ffas is the lightest of all known bodies. It 
has no colour, Durns with a hardly visible flame, but gives 
a great deal of boat, and when this gas is mix^ with air 
or oxygen, and a flame appliAd, it explodes with great vior 
lence, and water is formed. It is used for filling balloons 
by which men are enabled to ascend many thousands of 
feet in the air. If a piece of cork be put under water, it 
rises to the surface, because it is lighter than the water ; 
in the same way, as hydrogen is so much lighter than air, 
a large bag filled with it, is lighter than the air, and if 

W(U a candle bum in it, and ho^ can you aacertain 
ifthisfiraa exists in any situation, and when is it mxfe 
to entet a loeS, cave, ^. f Is chlorine a gas^ and unU 
a support life 7 What is its color^ and has it anjf 
odour 7 With vihat does it exist in combination abwu 
dantfy? To what depth would the salt of the ocam 
cover aU the land on the globe } Of what u salt com- 
posed^ besides chlorine 1 What is the estimated mean 
depth tfthe ocean f Whatis the lightest of all knoion 
bodies! Has hydrogen any color, and does it give am 
light or heat duringits burning ? When mii:ed wiA 
air or oxygen and tn/Zamed, what eff^ect is produced^ 
and what formed f For what is hydrogen used ? Why 
tjr ti fiUit a balloon f^O^ U^Tt h.tjdrogeiv wiU rtM f 
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Mt to ifidf! nses to a eertaitt h^s^t in the atmosphere. 
A ballooh is a ball-shaped bag filled with hydrpg^n, or 
with nunfied air. 

Silicoo IB a dark cbloored substance, bums under cer*- 
t|un circumstances, and by its union with oxy^n fbrttw 
silex, which is a white coloured powder. Silex exists 
pore in rock crystal, and nearly pure in many minenJs^ 
as flint, agate, cornelian, jasper, quartz, &c. 

Band is almost entirely composed of silex, and silex 
isrms probably nearly one half of the materials of the crust 
of this globe. 

Bflex, when melted with potassa or soda, forms glass, 
tod this is one of the most important uses. 

Carbon is the principal substance in all the kinds of min* 
enl cobL in charcoal, and it exists in large proportion in 
wood, oil, tallow, and all vegetable and animal substan- 
ces. The diamond is pure carbon. Carbon is black, ex- 
cept when crystallized as in the diamond. Carbon is nat- 
urally combined with hydrogen, as in bitumens, oils, &c., 
with oxygen forming carbonic acid, and with irou forming 
plumbago or black lead, steel and cast iron. Carbon, and 
(he substances containing it in large proportion, are mostly 
used for obtaining light and heat, and for reducing the 
ores of the metals. 

Sulphur is a simple bodv of yellow colour, brittle, with- 
out taste, bums easily in the open air, and gives a pecul- 



What is the appearance of silicon, and by its mi- 
nm wih oxygen^ what is formed 7 In what does sUex 
exist pure, and in what nearly pure f Of what is sand 
mosOy comfosed ? What proportion of the crust of the 
EarUiissUex? What is silex mosUy used for^ and 
howis glass made 7 In what is carbon Uie principal 
sub^ancejand in what does it exist in large propoT" 
tiotts ? What substance is pure carbon ? In what is 
carbon naturally combined wuh hydrogen ? What are 
firmed by the union of carbon and iron 7 For what 
are e&rbo% and substances containing it in Uti'ge pro^ 
portions^ emjUayed ? What art some of the pro^p^iea 
of snJjpkur/ 
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i£ir pungent odour. It rarely occurs uncombined with 
other bodies, except in volcanic countries. It is found uni^ 
ted to many of the metals forming ores, and which are 
called Bulphurets. It is used mostly for the manufacture 
of gunpowder, and sulphuric acid or oil of vitriol. 

Iron, combined with oxygen, forms most of the useful 
ores of iron, but there are few places comparatively, where 
these ores are found in such quantity as to be valuable. 

This combination is more uniformly distributed through 
the mineral kingdom than any other substance, and it 
colours almost all minerals. Hardly a fragment of min- 
eral or rock can be selected, that does not contain traces of 
iron, but generally it is in small quantity. 

Oxides are combinations of oxygen with other bodies. 
The oxides silex, alumina, lime, and magnesia, are call- 
ed earths, and the two last, alkaline eartbsi. These earths 
are most abundant in the same order in which they are 
mentioned, and they constitute at least three fourths of 
the solid materials upon the surface of the globe. 

These substances, by their various combinations with 
each other, and with other bodies, form a great variety of 
minerals, and it is not a little remarkable, that those min- 
erals and substances most useful to man, are most abund- 
ant and most uniformly distributed. 



Does it occur uncombined with other bodies^ and 
where 7 When united mth the metals, what are formed, 
and what are they called ? For what is sulphur mostly 
em/ployed ? Of what are most of the useful arts of iron 
composed ? Are these found in quantity every where ? 
Is iron almost universally distributed in the mineral 
kingdom 7 Does it generally coUyr minerals 7 What 
are oxides ? What are the most abundant earthy ox^ 
ides 7 Which is most abundant ? What proportion of 
the solid matericds of the globe do they foj*m ? When 
these substances combine with each other and other bo- 
dies, do they form many minerals ? Are the most useful 
minerals the most abundant and widely distributed 7 
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CHAP. ra. 

It has been remarked that notwithstanding the variety 
-of minerals, those forming the mass of the globe, as far as 
exposed to our observation^ are few in numoer, viz : 

1 Quartz; 6 CHLORrrB; 

t Feldspar; 7 Talc; 

8 Mica; 8 Gypsum ^ 

4 Hornblende; 9 Limestone; 

5 Augite; 10 Serpentine. 

Slate and clay mijorht be added, but they are rather 
aggregated minerail8,in a minute state of division, than 
•distinct minerals. 

Quartz. 

duartz consists entirely of silex. Rock crystal, which 
is clear transparent quartz, is pure silex. duartz varies 
much in its color, but is most generally white or light 
colored. It is hard, scratches glass, cannot be <»it with 
a knife, strikes fire with steel, cannot be easily melted 
alone, and when two pieces are rubbed together in the 
dark they give out light, or phosphoresce, as it is termed, 
and a peculiar odour is emitted, duartz, when broken, 
has a lustre upon the surface like broken glass, but when 
the quartz is not clear or transparent, the lustre is greasy 
or looks like a bright surface over which oil had been 
rubbed. 

duarta is generally in rough, shapeless masses; but 
sometimes is in beautifully regular forms, more brilliant, 



What are the minercda <f the ffeoioffical aj/phabet? 
Wuxt substances might be added 7 Ofuihat is quartz 
composed? What mineroLis pure suex ? What are 
the properties of quartz ? In what form is quartz gs- 
neraUtf chserved? 
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and perfect in form, than the lapidary could make them; 
These re^larly ibrmed bodies, whether they 
he qifartz, or any other iQineral, or any Bab* 
8tan^ whatever, are called crystals Tbe 
usnal form under which quartz crystalUsECfl^ ia 
a six-sided prism terminated by six-sided pfr- 
anpids, as seen in the margin, 
duartz occurs impact or solid, when it is said to be 
massive ; and grantilar, when composed of grains like 
some of the sandftones. When queurtz is very porous it 
is said to be spongiform i when in pendqlous masses like 
a stalactite or icicle, it is stalactical quartz. 

Quartz sometimes forms whole mountains, but more 
Q(t€9i it is in aggregated masses with other minerals to 
form rocks. Quartz occurs abundantly on the sea shore, 
and in the interior of almost every country, in the form of 
sand. The white pebbles in gravel are quartz, as are 
most of the heurd stones that we see about the country. 

FSLnSPAR. 

There are several varieties of Feldspar, but they agree 
in. some of their more important characters. They are 
composed of the same ingredients, viz : silica, alumina, 
and potassa. They are all hard enough to scratch glass, 
but are less hard than quartz. Feldspar is laminar, or 
composed of plates, and it has a shining lustre. Its color 
is variable, but is generally white or reddish. It can be 
inelted without difficulty. 



What are crystals 1 and what is the for^m- in which 
quartz crystaUizes ? What is massive quartz ? What 
granular quartz^ What spongiform quartz? and 
etalactic quartz ? Does quartz ever form mountain 
masses? In wjiat situation is it more frequently found? 
What is sand ? What are the white pebbles in gra/vel ? 
Of what M feldspar composed 7 What are the pro- 
perties of feldspar ? 




It k wmetiines crystaUized, and aknoot alwB|ra eryw- 
talline; and the brilliant surfaoaB wbieii 
it 18 broken, are in the dtrectioaa of the 
faces of the figure in the margin, the fk- 
cea P and M being perpendicmar Iq eaoh 
other, the others oblique. 
Feldspar is sometimes compact, and 
sometimes forms mountain masses, but more fraquently 
it forms a constituent part of other rocks, as granite, 
sienitei &«. Feldspar is used in the manufacture of por-* 
oelain or china ware as it ie called. 

Mica. 

Mica is composed oi the same substances essentially as 
Feldspar, but in different proportions. Mica, or isinglass 
as it is sometimes called, is found imbedded in rocks ei- 
dwr in small scales, or sometimes in noASses of some 
ihagnitude. It very easily splits into thin layers or leaves, 
Which are transparent, flexible and elastic. Mica is some- 
times called Muscovy glass, because in Russia it is often 
used instead of glass lor windows. It occurs of all shades 
from white to black. The surface of the plates of mica 
has a strong shining lustre ; and it in fact derives its 
name from the Latin, micans, signifying glittering. It 
melts without difficulty. It is found in greater or less 
quantity in a large pn>portk)n of the rocks. Its elasticity, 
and the strength of its thin plates, renders it superior to 
glass for many uses. It can be scratched by a knife, but 
is sccucely hard enough to scratch glass. 

HORNBLENnE. 

Hornblende is composed of silex, alumina, lime, mag- 

Ta feldspar always crystalline ? Does it ever form 
mountains, and where is it mare comrnxmly fonmi^ and 
in what rocks ? For what is feldspar employed ? Of 
what is mica composed ? What is a common name for 
mica, and where %s it found? What are the pnfperties 
of mica 7 For what is mica sometimes used, and why t 
Is- mica found in many of the rocks? Qfviwi is 
hornbiends composed ? 



w 
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nesia, an^ oxide of iron. It is ffenerally of a dark green 
color, and between that and black. It is heavier than 
quartz or feldspar, bat not so hard, and is much more dif- 
ficultly broken. It derives a part of its name from its 
beinfi^ tough, and difficult to breaks like horn.' It can be 
scratched with a knife, and its powder is of a light green 
color. When breaUi^ upon it gives an odor like that of 
moist clay, which is called the argillaceous odor. 
It melts easily, and boils up or intumesces when mel- 
ted. It often occurs crystallized, as 
seen in the margin, but is far more 
common in rude, shapeless masses. 
If however these masses be exami- 
ned closely, minute crystals, having 
the first of these forms, may be ob- 
served. Hornblende is sometimes in granular masses^ 
or else composed of long needle-shaped, or acicular ciy»- 
tals, and sometimes these long crystals diverge from a 
centre, and are stellar or star-shaped, or radiated like 
the spokes of a wheel, and the lustre is either shining, or 
silky. Common hornblende sometimes forms entire moun- 
tains by itself, but it is more frequently aggregated with 
other minerals to form rocks, as sienite, greenstone, &c. 

AUGITE. 

Augite is composed principally of silica, lime and mag- 
nesia. It is generally black or crreen, but sometimes light 
colored. It often resembles hornblende, but 
it is much harder, and will strike fire with 
steel; and it does not melt eo easily. It is 
often crystallized in 4 or 8 sided prisms. Au- 
gite is found abundantly in rocks of volcanic 
origin, and in some of the rocks called trap- 

Whalt are its properties 7 From what does it derive 
its name 7 Does it occur crvstaUized ? Under wTtai 
other fomns does it occur ? Does hornblende ever form 
extensive masses 7 In tohat rocks is it contained as a 
part of the rock7 Of whcU is augite composed 7 ffliai 
are its properties 7 Does it ever occur crystdUized f 
In wAai rocks ia itfound7 
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locks, and whioh are by many thougtt to be of volcanic 
oriffin. It is aleo found in primitve rocks. It occurs mas- 
mvey or without any regular form ; and ^rranular, and 
then it is called coccdite. 

Cbloritf.. 

CfakMrite is composed principally of silica, aiamina, 
magnesia, and oxide of iron. It is of a green color, usu- 
ally a dark green, and derives its name from a Greek 
wwd signifying green. It is in general an aggregation 
of small green scales ; is so soft that it can be scratched 
by the finger nail, and feds soft and onaooth, or unctuous 
when rubbed between the fingers. It is much softer than 
miciL and the latter does not feel greasy or soapy between 
the fingers. 

Talc. 

Talc is composed principally of silex and magnesia. 
It has many of the properties of chlorite, but it has vari- 
008 colors, and is rarely of a dark green like chlorite. It 
feels more unctuous and soapy betweei]| the fingers than 
chlorite. Talc is distinguished from i^ica, by its plates 
being flexible, but not elastic like micoi Talc is gene- 
rally softer than chlorite, and is easily scratched with the 
finger naiL It does not easily melt, but chlorite does. 
Bodi talc and chlorite enter into the composition of rocks, 
and the rocks are said to be talcous or chtoritic. 

Gypsum. 

Gypsum is composed of sulphuric acid or oil of vitriol, 
onited with lime. The common gypsum also contains 

When it is gramUar, what is it caUed 7 Of what is 
Moriie campasei? Vlfhat are its characters ? How is 
it (Ustinguishedjrom mica ? Of what is talc composed ? 
How does it differ from chlorite 7 How do talc arid chlo- 
rite fed between thefiwers 7 Which is most unctiwus f 
Bow is talc disiinguimedfrom mica 1 Of what is f^yj^ 
snnm composed^ 
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water united to the above meotioDedauhitaiuses, Gypi6i 
is generaUy white, but aometimes gray, red, and eTvai 
OU8 cdoTB. It 18 often compact, but M>metiineA ffraimli 
and crystaiUzed. When crvatalTind, : 
is frequentiy in triinsparent pmtee, haviui 
4 sides, and can be ee|iarated into thin plate 
like mica and talc. If heated, it does do 
melt easily, but loses abont one-fifth of it 
Weight, and if transparent, it becomes white and opake.' 
It is used for a great yariety of purposes, the most impor 
tant of which, are^ for a manure, for cemeuta^ and in 
castings. It sometimes forms hills, but more ohaa il 
forms layers or beds in other rocks, and is generally qod- 
tiected with salt springs or rock salt. 

Limestone. 

Limestone is composed of carbonic acid united or coO' 

bined with lime, and is called carbonate of htnei gyp- 

sum ifl called sulphate of lime. Limestone or cartNMfiBtc 

of lime varies more in its appearance than any otha 

mineral, tt otcun of all colors, and varies from a coeiK 

grained.. to the most compact marbles ; from i 

y^^^'y\ rough unseemly stone, to a fine earthy pow 

Vv^/\ der; and not unfrequently it is found in tlM 

\A ^most beautiful crystals. TPhe crystals oeeai 

^^^X^ under morcf than s^en hundred different fonm 

but by splitfmg them, the same form, or primi 

tVkat does gypsum cofitain besides sulphuric adi 
and lime? What are the properties qfgvpsum7 Whei 
gypsum is heated^ what are the effects f For tthat i 
gj/psum iisefl'} With what is gypsum generally oe» 
hected 7 Of what is limestone composed ? By vHm^ 
other names are limestone and gypsum called ? Do6 
limestone vanj much in its appearance? What an 
some of the various appearances and textures it pre 
sents i Does carbonate of lime occur crystallized ? Wu 
it many crystalline forms ? Can they all be rechiea 
to one ? 
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\A bqdy is opake when the UgViV c«li\iio\. V« m«^ t\»Qv^h H, 
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live forlb, is obtained from all of them. The primitive 
iam is a rhomboid, a solid, haviofi all its faces equal to 
each other, but the angles not right angles. 

The orystallized transparent carbonate of lime is call- 
«d calcareous spar, and has some remarkable qualities. 
If a rhombic crystal of calcareous spar be placed on a 
pioGe of paper, with a fine line of ink drawn upon it that 
may be distinctly seen through the crystal, the line ap- 
pears double, or there appears to be two lines near togeth- 
er ; if now the crystal be turned around gradually, the 
lines approach each other until only one is visible, and by 
turmng it still farther they again appear, and recede 
from each other until you have turned it half round, af- 
ter which they again approach until only one line ap- 
pears. This is called double refraction.* Calcareous 
spar becomes electrifiedt by rubbing it, and even by pres- 
^g it between the fingers, and retains its electricity for 
Sometime. 

Notwithstanding the great variety of appearances pre- 
■eated by carbonate of lime, it may be easily recognized 
by the following characters. Carbonate of lime can be 
scratched with a knife ; acids when poured on it boil up 
er effervesce violently ; and when heated highly, it be- 
comes quicklime, in which state it is easily recognized by 
the table, and by its burning the tongue ; and if a large 
fmj^ment of it have water thrown upon it, it becomes hot 
«ind crumbles to a white powder. 



What is the primitive form ? What remarkable prcn 
perties are observed in calcareous spar? How may 

carbonate of lime be recognized 7 

— 

* Lig^ht Is said to be refracted when, in passing throuerh a trans- 
l^trenl body, it is bent out of its course. A stick, when put into 
Jmter, appears bent, and to hare a different direction in the water 
Mrom what it has out. This is owinj; to refraction. 

t Electrified bodies attract li{2;ht substances ; and if the electri- 
Qed surface be of any considerable nias;nitude, on opproachinpr it 
to any part of (he body, a small spark is seen, and a snnppinG: 
Doiae heard. The spark is similar to lightning, and the noise ta 
thunder, only infinitely smtUer. 
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Limestone occnn abnndantly in every country: 
forms mountains, and even ranges of mountains. T 
strong granular and compact limestones are used as nu 
bles; many of them make good building stones, ai 
lime ; chalk is used for marking, and making lime ai 
whiting, and marl is used as a manure. 

Serpentine. 

Serpentine is composed of silica, magnesia, and wate 
but sometimes contains a small proportion of other sd 
stances, as alumina, oxide of iron, &c. Its color is gen 
rally some tint of green, but often variegated. Serpei 
tine derives its name from the colors being variegate 
somewhat like the skin of a serpent. It is generally coo 
pact ; rarely granular or crystalline ; yields to the koifi 
is somewhat unctuous to the touch, and is capable of r 
ceiving a high polish. It is sometimes used as a marU 
and limestone sometimes contains serpentine disseminate 
through it in grains, and is then called verU an/tgi 
Tnarble, Serpentine forms considerable masses in man 
parts of the world, and it seems to be the repository of tl 
chrome iron, used so extensively to obtain chromate' 
lead or chrome yellow. 

Slate and Clay. 

These substances are mostly composed of silex and 8 
umina, and sometimes a little carbon or oxide of ira 
Most of the slates can be scratched easily by the Imil 
and the clays by the finger nail. The slates general! 
;split out into thin layers, and some of the clays do tl 

Does limestone occur abundantly ? For what are d 
various kinds of carbonate ofUme employed? Ofwk 
is serpentine composed ? V^hat is its cclor ? What m 
its properties? For what is it employedl What 
vera antique marble ? Does serpentine form kq^ 
7nasses? What mineral isfouna in serpefUixhe^ Of 
' for what is it employed ? Of what are dates and doj 
eompotted? What are their charojctera? 
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nme. 'When broken, they both shew a.fine grained frac- 
ture, and the clay, particularly, shews what is called the 
earUiy fracture. Both slates and days give the argilla- 
ceous odor when breathed upon. 

Slate is used for drawing slates and for pencils, for 
roofing buildings, dbc, and the clays are employed for 
making bricks, and various kinds of pottery. 

Slate oflen forms extensive masses, and clay general- 
ly occurs in detached beds, oflen of considerable extent. 



CHAP. IV. 

Stratification. 



knowing the elementary and mineral bodies of which 
the globe is composed, we find, by observation, that the 
Aftgregated masses of these substances, or rocks, are ar- 
ranged in a regular order of superposition witli regard to 
each other. For instance, rocks, containing coal, in one 
country, fie below those containing salt, in other coun- 
tries, the same rocks may be expected to occur in the 
wme relative positions. This is a fact of much prac- 
tical utility 5 and by it, in connection with some others, a 
man is enabled to say whether any particular rock or mi- 
neral may probably be found in any district of countiy, 
by knowing the rocks exposed there to observation. We 
frequently see but one kind of rock in a distance of seve- 
ral miles, but more frequently there are two or more. Fiew 
rocks have their layers, or strata, in a horizontal position. 

For what is slate used ? For what are clays employ- 
eil Is there any regular order of arrangement of the 
rocks over each other 7 What is the position of coaly 
compared with that of rocks containing salt ? Do rocks 
have the same relative positions in all countries ? What 
it the utility of a knowledge of this ? Ar^e rocks gene- 
raify in a horizontal positii^ ? 
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but they generally slope, or dip doWnwardi^ and loni^ 
times they stand verticaUy upon their edges. This incli" 
nation or dip of the roclcs, is of great importance, as rocks 
are thus brought to our view that would otherwise be 
buried deep in the earth. The 
strata of different rocks, when they 
incline, emerge in succession upon 
the surface of the earth, thus^ so^ 
that in traveling in the direction of the dip of the rocIk% 
you may, in a few hours, pass over many different kinds 
of rock. The line of dip is the direction towards whidi 
the rock slopes. The hne of bearing is the direction a- 
long which the rock emerges^ or more strictly, it is the 
line of intersection of the plane of the stratum with the 
horizontal plane. '^ In travelling over an extent of coun- 
try, the direction of the strata is characterized by same- 
ness and uniformity. There is little variety in the prch 
ductions of the land, or the condition and employment of 
the inhabitants. On the contrary, in traveling along the 
line of dip, our eyes are continually regaled wiSi a clmiige 
of sceneiy. Every bill has a cl^racter of its own : a 
steep ascent on one side is met by a gentle declivity on 
the other. A poor soil is succeeded by one of remarkable 
fertility." — Greenowh^s Geology, 

A knowledge of the principles and phenomena of strap 
tificatk)n is of much practical importance, not only to the 
geologist, but the community generally ; and may lead 
jto the discovery of many useful rocks and minerals. It is 
not generally necessary to bore through rocks to ascertain 
what lie below them. There is a regular order in which 
the rocks lie over each other: knowing this arrangement, 



In f/Aat j)o$Uion are theu observed? Cffwhatimpor' 
tance is this inclination of rocks f In traveling across 
the strata what is observed 1 What is the line of dip ? 
Whai is the line of hearing? Of voihat use is a knowl' 
edge of stratification? Is it necessary to hore^ to as- 
certain the racks bdow or a&eve any particular one? 
^^te/auldpouoKfiriain their wsim^ 
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and the diteeticm in which the rocks dip, we know tha( 

thejr must e- 
mer^jre in suc- 
oesBitm. Ii> 
stead ofdig^ 
gingorboriog 
thro' the stra* 

ta at A, they may be examined by traveling towards B, 
in a direction opposite to the direction of the dip. The 
ixittDins and sides of water courses, and the cliffs in the 
bflle and mountains, are the situations where the rocks 
can be examined to the greatest advantap[e. In this way, 
&• the different strata emerge in succession, they can be 
examined with any required degree of attention, and bet- 
ter than by boring, as then but a very small portion of the 
rock can be expoi^ to observation. If the line of dip be 
koown, the line of bearing is also known, for it is at right 
angles to it. If the line of bearing be known, the direc- 
tion of the dip does not follow, for it may dip 
ia two directions from that line, thus, as the 
Bides of a roof from the ridge. When rocks 
<Hp, their inclination is expressed in degrees 
of the quadrant.* Whatever the angle or degree of in- 
clination may he, the thickness of the stratum is measured 
by a line perpendicular to the plane of the stra- < 
tom, (as seen in the margin.) When the 
6dges of the strata project from, or shew them- 
selves on the surface of the eartb, they are 
•aid to crop out, and the projection is termed the otit crop 
of the strata. . Strata generally lie upon each other like 
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X 



How would you ascertain their positions^ What 
fUuatiofiB are moat favorable for examination 7 If the 
line of dip be known, is the position of the line of Bear- 
ing' known ? and the reverse 7 How is the thidcness of 
a stratum measured 7 What is the outcrop of strata 1 
What are conformable, and unconformcMe strata 7 

* The qnadrtnt to oo6 qotrter of a eirele. A circle to diffded 
i^to sao def^rsei, and ofcoarie, the quadrant pontilat aQ^^Stww^. 
9f tqia^l ptirtSf 
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the leaves of a book, and then they are said to be (xm* 
fcrmqJble straicu Sometiioes other sets of strata lie upoa 
the last, which are coiiformable among themselves, but 

not to the fint, 
thus, and they 
are then said to 
be unconforma- 
ble. 

It is necessary to distinguish strata, from the thin slaty 
layers into which some rocks divide. When rocks are 
divided into regular layers of considerable extent, they 
Bxe said to be stratified. The planes of stratification, and 
those in which the rocks most readily split, are not always 
the same ; and this is remarkably the case in slate. The 
strata and thin layers into which 
this rock splits, are arranged thus, 
the coarse lines representing the 
strata seams, and the fine ones 
the thin layers of slate. Strata vary from a few inches 
to several &et in thickness. 

Strata are not always plane surfaces, but 
are oflen curved, or bent, thus. 

Sometimes the lay- 
ers are much bent in 
various directions, (as seen in the 
maigiD.) and the rocks are then 
said to be contorted* 
Unless care be taken to ascer- 
tain the direction of the dip, the apparent dip is very 
apt to be mistaken for the real one. If the edges of the 

JVhat is the distinction between layers and strata 7 Do 
the layers of slate correspond with the strata 1 Are strxt- 
ia always in plane layers ? What are contorted strata ? 






* M. Ramond, in speaking of the compact and argillaceoot 
limestones and slates of Estaube, and the sandy limestone, brec- 
cias, and grits of Mont Pendu, says : " They seem to hare been 
driTen against one anotber by opposite forces, which, at the point 
ofcontactfhaTe ehivered them into short, irregular, tortuous reins, 
thib entanglement of which forms the interrening masses. Figure 
to youraelf,^* sayBht, "a number of viscid liquori, differently 
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I lock be examined in the direction of the line of bearing^, 
the strata appear to be horizontal, when by examination 
{ in other directions, they would be firand considerably in- 
I tliitod. The fi^owing fignre will perhaps serve to illus* 
I trate. The end of the fig- 

I . ure represents the inclina- 
tion, and the top and long 
side shew the strata edges 

^___ in the direction of the line 

of bearing. There is another error that may be commit- 
ted by a person not attending closely to the dip and direc- 
tion of the strata. " Suppose a hill to be covered with 
^IB^etable soil, and a quarry or pit, was made in it near 
the bcyttom, as at A, the stone was discovered to be sand- 

"■ stone ; sup- 

pose another 
pit had been 
sunk near the 
summit, at B, 
^nich cut into limestone. It might be supposed that the 
^^txiestone lay over the sandstone stratum, when it is in 
reality below it." In this particular instance two strata 
^Xitervene in the figure. 

In limestone mountains, the fissures are apt to be mis- 
^ken for strata seams. These partings and seams are 

Im there any liaMKiy to mistake the direction or 
^tUantity of dip 7 h there any liabUiiy to mistake the 
T^sitions of rocks on hills 7 What causes the difficulty 
^^ cLscertaininff the stratification of limestone in some 
^€zses? 

Colored, frpreading themselres in whirling laminar in the ycssel in 
T^-hieh they are poured,— watch a thick column of smoke floatjnff 
^n the air,— you will haye berore you an image. of the confusion 
"^hich prevails in these rocks. The struggle of two conflicting 
passes,— the repeated assaults of the one, the perseyerin^ resis- 
^nce of the other, this is the idea naturally suggested pn contem- 
plating the contorted yeins in these rocks. 'Tis a smi consolida- 
^d in a storm, the yiolence of which may itill be seen in the 
Petrified wayei."— GreenougV^ Geology, 
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sometimes nearly vertical, when the strata are horizo 
These sometimes enlarge so as to be more conspic 
than the strata seams. " To add lo the difficulty it 
frequently happens, that a calcareous deposition, ti 
coat of piaster, covers the face of a rocl< ; this has 
formed oy water running over the surface and depos 
calcareous particles upon it This deposition £omet 
conceals the stratification seams, as completely as a 
of plaster covers the rows of brick in a building, 
vertical seams or partings, are sometimes open, and & 
times have formed parallel ridges which efface th< 
pearance of tbe strata seams m one part of the rock 
not in the other ; and in such instances, we have a 
rently a mountain mass, in which the strata are p 
horizontal and partly vertical." — BcLkMOPlPs Geolog 

In the accompan 

<f " \ figure, a, a, are th< 

-2EI3 parently vertical st 

^ and 6 6, the horiz( 

-* — \ and proper strata. 
— \ Strata generally 
— ^ pear to terminate 
their outcrop. When the strata are bent, the same si 
may often be found again not far from their apparent 
mination, as may be observed in the figure. The si 

that appea 
terminate ; 
A, are fomp 
gain on the 
er side of 

the curvature or dip varying, they approach and thei 
«sede from the surface, dipping in opposite directions a 
B and C. A stratification analogous to this, is ofter 
served adjacent to some of the mountain ranges, w! 





Do tiie^ strata ever appear vertical, when they 
in reality hotrizontalf Do strata always ierminai 
their oiUcrop T Do strata rest or lean against mc 
mins? 
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tbe strata appear to rest against the sides of the chountain 

masses; d beiog the moun- 
tain, and a a, b b, c c, similar 
strata of rocks. 
There is another inptance in 
^\\ which the strata may not ter- 
minate at their outcrop, but 
appear a^ain in the opposite hill, as a a, but b 6, by its 
ppoloogation, would pass over the hill C. Where the 
£ strata arc nearly hori- 

^'^ — - zontal similar strata 

are almost al ways found 
on the opposite sides of 





a 



b a valley, as if they 
had been formerly con- 
tinuous, and the valley 
since formed by eomc powerful cause. 

There is another point in relation to stratification, (and 
it is also applicable to veins, in rocks that are not stratifi- 
ed,) that, from its practical importance in mining, should 
be well understood. The bed of coal, or vein of ore, ap- 
pears puddenly to termin- 
ate. When this occurs, the 
bed may be found a^ain, 
either above or bo'ovv its o- 
riginal level. At its appa- 
rent termination, a fissure, 
or else a different kind of 
rock, occurs, generally in the form of a vein, as c c. Re- 
peated observation has shown, that if, at the apparent 
termination, the rock cuttinf^ it off inclines towards you, 
fo as to project over your head, the bed of coal, or other 
minera], lies at a lower level on the other side of c c, em 
though the mass of strata on one side of the vein had slid 
down to a lower level. In the figure, a a and b b repre- 

Does the same atratum. ever appear on the opposiU 
tides of vallies 7 When beds of coal terminate sudden- 
hf^ can they be refrained ? and how 7 JVhai has been. 
obfervec/ of the positions of the beds of coal, iu rejer- 
0tcetothe sloping' of the vein or dykef 
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sent beds of coal cut off by the vein or dyke, c c. In pro- 
ceeding from a to a, the reverse of the above would take 
place. Analogous appearances are sometimes presented 
upon the surface of the earth, where there are high pre- 
cipices of rock in successive ranges of hills, as in th^ 

figure. The same 
a strata apparently oc- 
cur in each succes- 
sive ridge, and thi 
strata all dip in th 
direction a 6, uiid the nmssec', lurming the ranges of hill^ 
appear to have cracked off, and each succeeding maas tx^ 
have slid down over the cliff of the preceding. 

The various phenomena of stratification indicate, that 
powerful forces have been put in action, thus to bend and 
break up the solid strata or the globe. In some parts of 
the world, the stratified meisses of great extent are thrown 
into every variety of position, and as much confusion pre- 
vails in their arrangement, as in the masses of ice that 
we see in our rivers, where the currents or tides have 
brought large fields of it crushing against others, breaking 
them into large fragments, thrusting and overwhelming 
them in every direction, and the frost cementing them thus 
together. 



CHAP. V. 

FOR»IAT10NS. 



When a series of strata of a similar rock, are arranged 
with occasional strata of other rocks intervening, which 
recur in different parts of the series, they are regarded as 

What appears to have caused the present position of 
the beds 7 Is there any analotroiis appearance in the 
hills on the surface of ilie earth ? ana what is the ap- 
pearance presenteduy such hills 9 What do ihefht' 
no7?ie7ia of stratification indicatsl IVhat is said of 
ca?7fu8ed siratification 7 To uhcit is it compared ? 
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^^^vuig been formed durioff the same epoch, and under 
^^ milar circumstances; andsuch series are called, by ge- 
S^logistfl, Formations, Thus the strata of sandstone, slate. 
^ i mestone, &c. accompanying coal, are altogether, called 
^ ie coal formation. 

The idea may have been derived from "what precedes, 
^liat all rocks are stratified, but it is not so. Many shew 
^^ traces of stratification, but are in large, shapeless, 
"^Siountain masses, as granite, sienite, porphyry, &c. 

All rocks, whether stratified or not, are traversed by 

Veins of various mineral substances. Most of the metalic 

t)re8 BJ% found in veins. Veins appear to have been once 

open fissures, formed by the cracking of the strata, and 

emce filled with the substances now occupying them. 

The walls of a vein are the rocks contiguous to it. The 
upper side of the vein, when inclined, is called the roof^ 
and the lower the floor. In the same rock, there are fre- 
quently several systems of veins, formed at different times, 
and then we can tell the relative ages of each, for the 
oldest is intersected by all, and the newest is not crossed 
by any of the others. Veins vary from a few lines to 
many feet in breadth. They are sometimes of the same 
materials as the rock traversed by them, but generally 
difierent. 

It has been observed, that all the rocks might be refer- 
red to two general classes, which were called the primi- 
tive and secondary rocks. Geologists have since arranged 
rocks into a greater number of groups. A class of rocks 
was observed that had some of the crystalline structure, 
like primitive rocks, and they also contained the re- 

What are formations? Are all rocks stratified 7 
What are all rocks traversed by 9 Where are most of 
the ores found ? What are veins ? How do they cm- 
pear to have been formed? What are the walls of a 
vein ? What its roof? What its floor ? Is there often 
more than one system of veins ? How can the relative 
ages of the veins be determined ? Are veins ever of the 
same material as the rockf Into what two classes can 
rocks be divided ? What are transition rocks ? What 
secondary? 



38 FORMATIONS. 

mains of animals imbedded in their mass. From these 
rocks shewing characters intermediate between the primi- 
tive and secondary rocks, they w^re called transition 
rocks. There is another class constituting the most recent 
rockp, called tertiary rocks. More recent still, in poinl 
of time, are the deposites of sand, clay and gravel, tha* 
we see almost every where, and which cannot have beet 
placed in their present position by the action of water 
runninor as it does in the present water-courses. This i; 
called diluvion^ or a diluvial deposit, from its having beei 
deposited, apparently, during the deluge. 

Most recent of all is the alluvion, or alluvial deposit 
which is now forming by *he action of water and windis 
The mud and sand brought down by rivers and torrents 
and deposited in a difTereiit situation from what it had be- 
fore, is alluvion. These classes of rocks and depositee 
arranged in the order in which they occur naturally, ar( 

1 Alluvial deposites ; 4 Secondary rocks ; 

2 l)iLuvL\L " 5 Transition " 

3 Tertiary rocks ; 6 Primitive " 

Witliin a few years, it has been propotje.'l to. t^ubstitut 
other names, upon the ground that ihc^po iutrodi ice thee 
retiral coii>i<lp.ralionF, as lo the time, or nin )e. oi'fbrmatio 
of the rov'.lvP. If nnch ntimc.-; be t:u')slitiit('(l as may su^ 
gest thn idea of rnf'ithe posil:a}h<i onhf. (y,>^cv\-vrs will b 
ie?s apt to he iiinuL^iicoil hv pailicular th<'o:iv".-\ who.n the, 
como t ) t!\e observation oflacls. In coiiroi'.-ni'v with thi 
p]:in, Conyheare and Phillips have arran;»cii rucks in fiv 
classes, viz: 

1 Superior; 3 Meoial; 5 Inferior. 

2 Supermedial; ^4 Submedial; 

In this classification, the coal formatioiij in the lowc 

What are tertiary rocks ? What are alluvial depot 
its? What diluvial? What is the ordei' in wMc 
these classes of rocks and. deposits are arrnnffed? Fh 
what reason has it been proposed to siibstitute othe 
names for those just mentioned 1 What is Conybear 
and Phitlipa* arrangement! 
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^^tt of the secondary of the other arranflfement, is taken 
j^the fnedicU class, the submedial corresponding with the 
5|^^n8ition, and the inferior to the primitive rocks. The 
^YP®"^®*^*^^ embraces the upper part of the secondary 
^taas, and the superior, the tertiary rocks and the diluvial 
^d alluvial deposites. 

De La Bec.ie has also given a classification of rocks 
Miat is very good. He makes two general clas?es, like 
^hman, calling them Superior and Inferior rocks; the 
first comprehending all the rocks containing fossils, and 
the latter corresponds jvith the primitive rocks. 

The first, or superior rocks, are divided into groups, 
according to the arrangement of the organic remains con- 
tained in them. The interior, are divided into stratified 
and unstratifled rocks, and they are described in the usual 
manner. The arrangement which has been generally 
employed in describing the rocks, will be adhered to in 
this treatise, as more convenient, and more ea&ily applied 
by those who have made no great progress in a knowl- 
^edge of fossils. 

The rocks will be described in the order of their posi- 
tion, beginning with the lowest. "If any rocks ciin with 
propriety he dctiominated primary, or primitive, they are 
"those v/hici^ <iro most widely spread over the glol)P, in the 
lowest relative riituat'on, and which contain no remains of 
organic exisionce. Primary rocks are suppopo.', l)y (geolo- 
gists, toco i: si. i tut <> the foundation on wliich rnrksoriill the 
other clastJos ae lai.) ; and if we take an cnl;i!L"f'd view 
of the stnictwre of \ho. o-loho, we may admit tlrstobe 
the fact, — lj;:i t'}0 admission requirrs certiiiu ilni'tations." 
'The same c.!'is?oj* tluit have produced certain rocks in 
masses of irieat extent below all iho otl.cr rocks, have, in 
eertain situtitions. reproduced th;im in smaller masses, 
covering the trfinsition and secondary rocks. 

What formation itassumed as the medial^ To what 
do the inferior^ snhmedial^ superwedinl atid superior 
correspond, in t/ie former da ft.fi ft cat ion ? IVhat is De 
Ija Beche's arravfreTnent 7 What ar'e primitive rocks^ 
and what are Ihey sxrjyposed to canstitvie the foundation 
jcf? What is the structure of primitive rocks 1 
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<< Thestraotaie of primary roeki u eryirtalline^ th^ 
ibrm the central parts of the moet elevated .maaiitaiB 
chains, and they occur at the lowest depths that haw 
been yet explored, and are hence believed to be the nMMt 
ancient of the rock formations." 

The principal rodcs caMed primitive^ are— 

1 Granite ; 3 Mica slate. 

2 Gneiss, or blatt granite ; 

There are some other primary rocks that occur imbed- 
ded in, and interstratified with, the principal primitive 
rocks. They are called «t<&ordtnate rocAv. They 



Hornblende rook ; Crystalline umestone ; 

Serpentine '' CtuARTZ rock. 

" The three principal rocks of the primary class, gran- 
ite, gneisa and mica slate, might with propriety be regar- 
ded as belonging to one formatinn. They are coEnjposed 
essentially of the samo minerals, varying in dinereot 

Sroportions, and are rather modes of the same rock, than 
ifierent species. Thev pass by gradation into each oth- 
er, as one or other of their constituent minerals becomes 
more or less abundant; they alternate with each other ia 
various situations, and may be regarded as cotemporaDe* 
ous. It may, however, for convenience of descriptioO) be 
proper to treat of each separately." 

Granffe. 

Granite is an aggregation of grains, or masBes ef 
quartz, fddepar, and mica>j adhering to each other witb> 
out any cement. The feldspar and mica are general^ 
crystalline, but the quartz rarely shews this structure. 

What are the princvfnd primitive rocka f What an 
the eubordinate primitive rocks 1 Do granite, ^fneiM 
and mica date beiong to rnie formation? Do^ieybmr 
any analog with each other f Doiheyattematewitk 
eackoiher? €f vhat mineraU ia grmUe campoteit 
AretheminerdUcrystaUine? 
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The minerals of which granite is compoeed are apffre- 
gated diflferently in different granatic rocks, and oflen, 
•ven in the same rock, the grains and crystals in one 
part of the rock are coarse, in the other fine, and perhaps 
ooe of the minerals may predominate in one part, and oe 
in small quantities in another. When granite or any 
other rock is fine grained, with large crystals of feldspar 
imbedded, it is said to be fxjrphyritic. 

Feldspar, in general, constitutes by far the largest pare 
of granite, and its colors are various, but generally white 
or red. The mica is variable also, in cclor, but is gene- 
Tallv black or white. 

Sometimes other minerals replace the mica entirely, or 
in part, in granite, without altering its general character. 
When hornblende supplies the place of mica, the rock is 
called sienite, and when talc, or chlorite enters into the 
composition, it is called talcose, or chloritic granite, and 
sometimes protogine. 

^Granite is considered as the foundation rock on which 
fllttte and all secondary rocks are laid." When granite 

rises above the surface, 
the beds of other rocks, 
in the same district, rise 
toward, and lie against 
' — it, thus; but there are 
uManees wher e they appear to pitch under the granite, 

as seen in the fieure. 

The aspect of granite moun- 
I tains is extremely various. When 
'the beds are horizontal, or when 
we rock is soft and disintegrating, the summits are round- 
ed and nnpicteresque. When hard and soft granite occur 

^ Are the tmnercUs astgre^aied in different proportiona 
v^fpraniterocks^ nhen are rocks porphyntic? Which 
^nineral predomincUes in granite ? What is sienite ? 
«Ki vihat is protofifine ? Sow do rocks lie in the vicim" 
^ ^ g^onite mountains ? Do they ever pitch or dip 
^ifwr grofMXe ? Does the aspect of granite mountains 
Wy? When hard and soft granite alternate in beds^ 
«to is the appearance of the 7?iountain3l 
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in the same mass, the sofl dedoraposes, and lei 
hard in large, loose masses upon the soil, or if tb 

alternate and highly 
bed^, the bard granite foi 
and almost inaccefisibh 
as seen in the figure. 

Masses of granite are commonly divided by fis 
to large blocks, which ,-— ^ ^^^^^ approa 
rhomboidai form, thus, /\/\ ^"^ sonietio] 
lumnar jstructure may f"]/ be observed, 
ite is rarely found at any \ ^Y great elevati 
United States. It is not ^■"""'^ often obser% 

cept in beds or veins, or interstratified with other 
New England. 

Granite often forms veins, traversing the supc 
bent rocks. This is a fact of some im|>ortance I 
logical point of view. 

There is a variety of granite very finely grai 
almost conripact, called by the Engljsh geoloirists • 
feldspar ; and ^"^ the French, described under tl 
of Eurite, 

Another variety of granite is called graphic t 
In this varit^y, the felilapar greatly pre(lomii!iitr=?, 
quariz is arranged in it somewhat in 
the form of Cliinese letters, ihus. 
ThicJ vaiiety of granite (loc()mpo?e> 
readily, aiul, during its deconipositifui. 




f /^ 



the p.;'>a?!>:i, or soda, containo.l in iho iMtis; ;ir i>- i 
by tho mil), or by water per('.(;Iatii)g throno-h it, nsi 
a clay us^d i.i the ninnulaclure of porcclciiii, an 
kaolin and porcelain clay. 

Granite suopliea a durable material for arch 
but ap HDine of the varieties crumble, by the Mctio 
weather, care is required in its selection. In s 
proper buihiing materials, observe whether the lo 

Into what shaped 7nassos is granite often d 
Does granite often form veins ? IVIiat in enrite 
is graphic jEcranite? What clay is formed l)ij thi 
position of this granite ? For wliat is granii 
What is necessary in selecting granite/or buil 
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Batural situation, and where exposed to the weather, shews 
any appearance of having crumbled. If the rock is Orm, 
and not easily crumbled, where it has been loni; exposed 
naturally, it will stand well if put into buildings. 

Gneiss, and mica slate. 

Gneiss and mica slate are often interstratified with each 
other and with granite, and are generally considered as 
contempomneouH, or formed at the same time. 

Gneiss is composed of the same minerals as granite; 
viz: quartz, leldspar and mica, and is a slaty granite. 
Granite and gneiss pass into each other by almost insen- 
sible gradation. If in ffranite the feldspar be diminished 
in quantity, and the mica increased and arranged in lay- 
ers, the granite loses its massive structure, and becomes 
slaty, and then we have a true gneiss. Bakevvell, an 
English geologist, who has been a clos^e observer of facts, 
thinks tliat the stratification of gneiss has been confound- 
ed with itjj slaty structure, and this structure, bethinks, 
is the efU'.ct of crystallization. Gneiss is emj)loyo(] for 
many purposos, ftmoiig which are: for bniKliDfr aiul flag- 
ging, and some varieties are good stones for sluiuling firo 
in furnace^, (ini[)lacey, &c. 

Mica yJiMP, or micaceous schistuvj, as it is ponjctimes 
called, is coinposed essentially of quartz and n.icn. Feld- 
spar is not uiic.omnion in this rock, i«u!. is not (vlccmcd an 
esRentia! const it ncnr. oMica rslatc pa^r^of? i.y pjiyl'.t oiada- 
tioMs into nrr:;n;te and gneis?c!. Th.i^ uu'l; is very fisr^ile, or 
easily p;>liT :n one direction ; its color is genera liy aray,or 
inclininir to ^r'Ocn or yelk)w, aiwl it has mMU.rally a pearly 
orsliinint.': h'stre. Mica slate and gneiss are oftj^n bent 
and contorted. Crystals of garnet and of staurotide arc 
the most common minerals imbedded in mica slate. 



Are ffneUr,^ granite and mica date interstratified? 
Of what is sjr.'ieiss composed? IIow does granite pass 
into srneiss ? For what is enciss eniptoi/ed ? Of what 
M mica slate composed ? Is iifissilc 1 What is its ap- 
pearance ? Is it ever contorted 7 What are the mina- 
rtda imbedded in it 7 
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Mica is sometimes either entirely or in part replaced 
talc or chlorite, and then the rock is called talcam t 
cJdoriUc tkUe^ Gneiss and mica elate are nearly simi 
in their constitnents, and geolo^cal positions ; and a 
of the metalic ores and minerals that occar in one^ oq 
also in the others* Crystalline limestone, hornblendes 
serpentine, more frequently occur in mica slate, tbao 
gneiss. * 

Hornblende rock. 

Rocks in which hornblende predominates, are not t 
common in beds in primitive rocks. When the rock 
slaty, it is called hornblende slate and ffnehsoid her 
Uenae. Augite rocks are also not uncommon. Hornblen 
and feldspar, and augite and feldspar, under certain C 
cumstances, form particular rocks, which will be disccii 
under the term of trap rocks. 

Serpentine rocks. 

Serpentine rocks are mostly composed of serpeotii 
with small quantities of minerals in^bedded. Moat 
these minerals contain magnesia as a constituent. 

Serpentine rock sometimes forms mountain masses, & 
is sometimes magnetic. Serpentine is frequently mis 
with primitive limestone, and then forms a beautifully^ 
negated marble of various shades of green, yellow, blfl 
and white, like that near New Haven, and called v( 
antique marble. 

Crystalline limestone. 

Crystalline limestone, of which statuary marble. « 
variety, occurs forming immense beds in gneiss and m 

When talc or chlorite replaces the mica^ what is 
rock called 7 What subordinate rocks occur most J 
quently in mica slate ? When hornblende rock is m 
what w it called? Are avgite rocks found in prindi 
7'ocksf Of what are serpentine rocks composed? W, 
substance do most of the minerals that occur with i 
peniine contain 7 Does serpentine ever form large nu 
^f When mixed with limestone, 'U3?iat does it form 



^ 
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ihite. The commoD grave-atODes of white marble, are of 
thiti limeBtooe. A beid of this rock extends, with few in- 
teruptloDS, 700 miles in length ; be^jrinning in Canada, 
IMMsiog through Vermont, Sie western parts of Massa- 

chosetts and Connecticut, thence through N. Yoi^, New 
i ^oiey, dbc. to Virginia, and is extensively quarried in a 

jreat many places, and supplies most of the marbles used 

in ibis country. Limestones that take a good polish, are 

called marbles. 

GtUARTZ ROCK. 

This rock is composed of grains of quartz, aggregated 
without (yment. It is usually white or stained, or shaded 
^th gray, red and yellow. Its structure is slaty, but in 
ill small masses, it is nearly compact It is used as a 
fl&gging stone, and fire stone. 



% 

CHAP.jafI 

Transitiowrocks. 

Transition rocks lie immediately over the primary ones 
when both occur together, and are distinguished from the 
Wer, or primitive rocks, by their containing some of the 
'emains of plants and animals. The fossils of the transi • 
tion rocks ** may be regarded as the most ancient records 
of our globe, imprinted with the natural history of its ear- 
liest inhabitants." "Transition rocks are the pripcipal 

In what rocks is crystalline limestone found f Does 
*i form extensive masses ? Is any instance given in 
hii^ country? Of what is quartz rock composed! 
What is its appearance? What its structure J and^.^ 
ihat its uses 1 How are the transition rocks situated 
ith relation to the primitive^ How distinguished from 
lem ? JVhat muyfossUa be regarded t 
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repoBitoriea of metalic ores, which occur both in beds 
veins more abundantly in many of the rocks of this ( 
than in primary rocks." 

Geologists have olten been perplexed in their attei 
to draw a weU-marked line of distinction between pr 
ry and transition rocks ; the difficulty has arisen ch 
from their arranging slate with the primary class, 
long as it may be proper to class rocks containing org 
remains, with the transition rocks, we must place slai 
mong them. Nor can this be invalidated by tiie fact, 
in some slate rocks, no vestiges of animal or veget 
remains occur; lor, among the secondary strata aboi 
ing in such remains, we often meet with alternating b 
in which they are never found ; but we do notf on 
account^ class them with primary rocks." The ib\\o\ 
are the principal transition rocks, slate lying next 
primitive rocks: 

1 Transition, or mountain limestone; 

2 Graywacke, and graywacke slate, jpassing intc 
red sandstone ; 

3 Slate, and ita varieties. ^ 

Slate. Roof-slate, £^the slate of which school-sl 
are made, are well kijHjk varieties o( this rock, 
sometimes called clay '^a/Larffillaeeoifs ^/a/e, and 
giUaceons schistiis. T^hjUBis a soft kind ^.f slate oc 
ring with coal, apd cn^Jfmite clay aiui ahcle ; thisi 
not be confounded with fMy slate. The colors of i 
are, gray of various sha/e's, blue, green, purple and 
" Slate rcKiks arc common'ly divided into beds of vai 
degrees of thickness, \^ich, generally, are much el 
ted, and, from the jiajpral divisions of the rocks, they i 
form pesiked and scmited mountains." " Slate has' 
described by former geologists, as distinctly Rt^aiifie<] 
cause it splits easily into thin laminaj, and the dire< 
of the laminae is asserted to be in the direction of the I 



In what class of rocks are metallic ores abiindi 
.^Fhat rock is Imoest in the transition rocks ? JFhai 
the principal transition rocks? What are the c 
names for slate ? What mitst slate not be confowi 
vith ? Is slate distinctly stratified ? 
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opposition to the authority of many eminent geolo- 
[ maintain that slate, unless it be of a soft or coarse 
approachino- to shale or to gray wacke, invariably 
n a trjinsverse direction to that of the beds, making 
tiat directfoii an angle of about 60 degrees." Suc- 
{T ol)6ervations have confirmed the above statement, 
e rocks vary much inequality in the same moun- 

When magnesia enters into the composition of 
they are distinguished by their green color, and 
ito chloi itic ami talcose slate. Whetstone plate ,and 
ire varieties of talcose slate, containing imperc^pti- 
•ticles of quartz. Roof slate is generally imbedded 
arse slate. The varieties of this slate are preferred 
ilit kitp^hin even layers, with a smooth, plane sur- 
Slate is regarded as one of the rocka in which ores 
1 more than in any other. 

yr wacke and gray wacke slate, in their mopt com- 
rms, may be described " as a coarse slate, contain- 
irticlcs or fragments of other rocks or minerals, 
g in size from two or more inches, to the smallest 
:hat can be perceived by the eye. When the im- 

particles become extremely minute, gray wacke 
into slate. When the fragments and particles are 
)up, and the slate in which they are cemented can 
y be perceived, graywacke becomes coarse sand- 
r gritstone." When the fragments are larger, and 
r in tlieir iorms, the rock forms what is called a 
I. When the rock contains rounded fragments and 
J, ii is called pudding" stone. 

fragments of graywacke, including the breccias 
idding stone, are always of the lower rocksj aiid 
►f the upper strata. 

red sandstone, called dd red sandstone, is a gray- 
colored red by the oxide of iron. There is another 

n magnesia enters into the composition of slaie^ 
it distinguished 7 What are whetstone^ state and 
What varieties of slate are preferred for roofi^ 
Is slate a metaUiferous rock ? Describe gray:- ' " j 
When does it become gritstone ? When breccia ? i 

pudding stone? What is M red saTid stimt^ ^ 



i 
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i^ BaodBtone, called Dew red saodstoDe, ooeupjring 8 
higher tttoatioD in the geological seriei^ add it ii 
times difficult to distingaish Aem. The led warn 
quarried so largely for baildiog, near Middletown, 
and in New Jersey, is by some thought to belong tc 
these sandstonesi and hv some to the other. Red 
stone is a rock m considerable importance as a bi 
material. When beds of cla^, or argillaceous hot 
temate with this rock, the soil is generally very i 
but where the sandstone alone prevails, the land la i 
a sterile waste. A deposilf^f red sandstone extend 
few interruptions, from Vermont, through Massact 
and Connecticut down Connecticut river to Middli 
thence to New Haven, thence to the RappaJ^nc 
ViIginl£^ a distance of seven hundred miles. Ci 
wood, fossil bones and impresskms of plants and fish 
been found in it, and in the argillaceous rocks imt 
in it. Copper and lead ores are found in it in some ] 
as at Simsoui^, Ct Belleville, Somerville, &c. Ne^ 
sey, and Perkiomen, Pennsylvania; and these ores 
times contain silver and gold in small quantities. 

Transition, or mountain limestone, is one of thi 
important of the transition rock?. Its mineral chai 
vary considerably. Its usual color is gray, but ii 
reddish, brown, or black. It U often much varie 
veined, and spotted. This limestone is rarely as ci 
line as primitive ; or so compact and earthy in its t 
as secondary limestone. It often alternates with slai 
graywacke slate, and the strata are sometimes ren 
bly contorted. It is the mountain limestone, upon i 
as a basis, the coal formation is generally found n 

Is it ever difficult to distinguish between the d 
new red sandstone 1 For wJujU is j^ed sandstone ei 
ed ? What are the agrictdtural ch>araciers of red 
stone 1 Where is thei^e an extensive deposite c 
rock ? What fossils have been found in it ? Who. 
and where 7 Is transition limestone a rock of ai 
poriance 7 Describe it. What does it alternate 
Are the strata ever contorted? Upon what dc 
coat formation ffenerally rest f 
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This rock contains a great variety of or^nic remaimi^ 
and the individual fossils are, in some places, exceedingly 
xmmerous; the rock in fact appearing to be formed of the 
a||[gregated remains of coralline animals, and of those hav- 
ing a shelly covering, called testaceous animals. Moun- 
tain limestone is also cajled metalliferous limestone, from 
its containing large quantities of metallic ores. The ores 
found in this rock are mostly lead ores, which oflen con- 
tain a considerable portion of silver. The lead and silver 
obtained in Derbyshire England, and in the Hartz moun- 
tains in Germany, are from this rock; and the mines of 
lead in Missouri and Illinois are in this, and the associated 
rocks, and in the soil produced by their decomposition. 
This limestone is also called eiicrinal limestone, from the 
great numbers of fossil encrinitcs imbedded in it. The 
eocriniles are sometimes called screw-stones, 
from their bearing some resemblance in form 
to a screw, thus. They are also called, in 
common language, wheel- whirls, because the 
parts seen in the sketch separate into thin 
circular P'^tes^^T->^ like a wheel, and generally ap- 
pears thus — /^^^S The heads of the cncrinite are 
often found in ^^1^^ the limestone, and arc mentioned 
Hy people un- "^'G^ acquainted with fossils, as petrified 
walnuts, petrified acorns, &c. It is almost invariably the 
case, that mountain limestone is found abounding in fis- 
sures and caverns. Most of the caverns in England, Ger- 
niany and the United States, are in this rock. Rivers 
that flow in it are oHen suddenly engulphcd, and pursue, 
for a considerable distance, a subterranean coui*?e. Large 
springs and streams burst suddenly out from the hills. 

Does transition limestone contain niamj organic re- 
mains^ and of whet dasfips of animals? What arc 
other names for mountain limestone ? What ores art 
nost abundant in this rock ? From, what docs this rock 
derive the name encrinal limestone ? What are the en- 
crinites sometimes called ? What have the heads of the 
^crinite been called? What does this limestone abound 
in ? What is said of rivers and spring's ? 

n 
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Whei^e thk rock approachai the aiir&oa of the eBIti^ in 
many parts of Eofflsod and of the United States, it dieira 
a great number o7 deep, funnei-ehaped cavities mne of 
them 100 or more yards across^ and 100 or 200 feet deep^ 
and some ooly a few yards in width and depth. In En|p- 
laod they are called swallow holes^ because they mvallow 
up the streams of water that sametimes run into thm* 
In the Uuited States they go by the name of sink hdm, 
because the earth is sometimes observed to sink and fatm 
thein. There is generally a cavity in the bottom, thraii||h 
which the water is conveyed into the caverns and fwani 
underneath. They appear to have beeu formed by die 
water running in the nssures of the rock, and gradually 
dissolving it. This appears to have continued until the 
spaces became so large, that the rock was not strong e- 
nough to support the superincumbent weight, ancTl^ 
falling in, caused the earth above to sink, and form lane 
cavities upon the surface. The edges of these cavitiei 
continually crumble away, until the cavity has a funnel 
shape, sloping steeply down on all sides to the centre. 
These sink holes may be observed in great numbers a few 
miles south of St Louis Missouri ; also in some parts of 
Kentucky, Tennessee, Illinois, &c. The great cavonH 
in some of those states, communicate with numbers of 
these cavities, and in some places, the light may be seen 
through the bottom of the sink holes, by the observer, when 
standing in the caverns below. 

Nodules of hornstone sometimes resembling flint, are 
seen in this limestone in many parts of the country. 

Mountain or transition limestone is generally sufficiently 
firm to take a ^od polish, and from its being oflen beau- 
tifully varie£^ated, it is used as a marble. It also mcdcee 
good lime when burnt. 

Where the rock approaches the svrface, what are oft- 
served ? Describe the sink or swaUaio holes. How do 
iheij appear to have been formed? Where may thete 
holes be observed? Do they ever communicate vnihcO' 
verns ? What mineral occurs imbedded in the form tf 
nodtdes ? Does transition limestone take a good po- 
lish 7 For what is it employed ? 
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.CHAP. vn. 

SbOOHDART AOOKl.' 

« 

QeblofpftB now divide the seeondcuT lodoi, into upper 
veoondaiy, and lower Becondary. The most important 
lock ibrmatioDS) in an eoooomieal point of view, are the 
coal formation in the lower eeoondary fleries, and the rock 
«dt or saUferouB formation in the upper eecondary. 

The rocks anociated with coal, are called coal metU" 
ures. The coal measureB conauit of a series of altemat- 
ing layers of coal, slate, sandstone, and sometimes lime- 
stone, the alternations beinir frequent and indefinitely re- 
peated. 

The sandstones of the coal formation are quite tender 
and micaceous. Some of them afford good free stones 
Ibr buildinf^, whetHstones, grindnsitonesj flagsinfj^-stonee, 
4bc. The shale, or slate clay, differs from claynsilate, in 
being more tender, and olxen containing the impressions 
ef vegetables. An ore of iron, called clay iron stone, is 
almost constantly found in the shale of the coal measures, 
either in distinct layers, or in courses d nodules. The 
occurrence of this, the most useful of the metals, directly 
associated with the combustible and flux necessary to re- 
duce it, is an instance of arrangement happily adapted to 
the purposes of human industry, and is one of the proofs that 
the distribution of the rude materials of the earth, was de- 
termined with a view to the convenience of its inhabitants. 
No well marked line of distinction can be drawn, in the 
appearance of the rocks between the lower secondary and 
transition, but there is a remarkable difierence in the na- 

What two great divisions are made of the secondary 
rocks? What are tlie most important rock formations 
in these divisions 1 What are the coal measures ? For 
what are some of the sandstones of the coal meamtres 
used ? How does shale, or slate clay, differ from day 
slate? What ore of iron occurs in the coal measures 7 
What difference is there in the fossils of the lower se- 
condary, and the transition rocks? 
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tare orthe foanl lemaiui, that Berrei u a dirtinction. In 
tbe transitioa, it wrh remerked that the Totbib were 
mostly the rcmBinsofontnMUa, either coralline or testa- 
ceous. In the lower secondary, the remaina of plantt are 
inoBt nunierouB, and they aie anula^ue to those growinj^ 
ID iropical cliniatef. 

Coal occurs in regular strata, which vary in thiekneMi 
fnmi a tew inches to several feet or even yards. In the 
same coal lormalion, many strata of coal or«ur under eadt 
other, eepnraled by strata of Ehale, sandstone, &c. The 
seriea of strata which occur together, is culled a coal Beld. 
"Coal fields are oriimitedexlHDl, and the strata often dip 
to a common centre, heing otten arranged in hntin shaped 
cavities, which appear to have been orifrinally detached 
lakes tliat were gradually filled by repeate d ■''•pnwtin nt 
of carbonaceous and mineral ssmfciono. ' 
matter." Tiie dilTerent Btrnta „. 
over and »mder the beds of coal 
are frequently similar, and the *'""'■ 
same deriesot strata ia repealed SJbib. 
for cacli puccesslvo stratum of 

Sometimes the strata be- 
f^oDn 11.0 mcccodlne b.d. of -„^ 

KonI, are, m llic nsgregate, of t.^, 

several hundred feet in thick' t!:^^^^ 

nese, but oftrn, they are not many feet tluck, und so„ 
times only a few iiichcB, In the latter case, the odjaeent 
beds arc considered f^ or.e, and wrought as one bed! The 
Rtmtiira over ilie be<l of coal is called the roof, and that 
under ii, the floor. Sometimes there arc ns many as forty 
distinct beds of coal below each other in ilie same coal 
field, but in iTenern!,onIy a few are tii sufficient thicknem, 
or of D proper quality, to afibrd profit in working. The 
facility of getting coal depends very much upon the 
Btrongth of the roof, and the impermeability of the rack 
to water. At Newcastle, ia England, coal is wrought at 

Di) many itrata of coat occur in the tame coal Jield, 
and fum are they arranged ? Upon what doe» Ike fa- 
ciiity of working coal depend ? 
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die depth of fifteen hundred feet, and has been found there 
by boring, at the depth of three thousand feet 

There has been some disagreement as to the origin 
of coal, upon the ground that if we admit its vegetable 
origin^ we are bound by similar reasoning to admit that 
the limestones containing organic remains are animal de- 
poaites^ arising irom the successive growth and death of 
, myriads of animated beings, and few are willing to ad- 
mit that the enormous masses of rock, oiten some hundreds 
of miles in length and breadth, and many hundreds of 
ieet in thicltness, can have arisp.n from such a source, not- 
withstanding the evidence afforded by their numerous re- 
mains. Such need only glance at the effects of the com- 
bined labors of successive races of millions of millions of 
polypi, in the formation of the extensive reefs of coral, 
which obstruct the navigation of many parts of the Pa- 
cific and Indian oceans. 

The abundance of vegetable remains usually found in 
connection witli coal, and the vegetable structure that the 
coal itself sometimes exhibits, will iiardly allow a doubt 
as to its origin. At most coal mines even the thinnest lay- 
ers of slatef when split off, shew the impressions of the 
leaves and fiat stems of the various grasses, reeds and 
ferns, in all their most delicate parts. The impressions 
between the layers of slate often give as perfect a repre- 
sentation of the plant, as if the plant had been pressed and 
driful in a book, and the leaves then opened to display it. 

" Whatever may have been the origin of coal, we can- 
not hesitate in admitting that vegetable life on a great 
scale, attended the formation of coal, and both preceded, 
accompanied, and followed, that event; and that the 
causes which established its existenc-e, were repeated ma- 
ny times," at considerable intervals of time, and continued 
to operate during the deposition of the successive strata: 
that a sedimentary rock in a loose and impressible form, 
{the shale,) was deposited with the vegetables, and en- 
veloped, covered, and preserved them ; tHat a fragmentary 
rock succeeded, composed of pebbles, rounded or angular. 



What is supposed to be the origin of coal? 




H 

or of flBDd oementad fyatyj ^Hiieh wen lie roiiio of fn^ 
eziBtiDg fonDBtioDi.— Siliimaii's Joarnalf xviii. p 881« 

Coal and the aocompanying strata uioall^ lie pamllel 
to each other, like the leaTwof a book, and incline ''~~ 
a small aoffle to the horisoo, so that the 
strata would emerfi^ on the surface, thus.' 
It is rare that the coal, or shale, crop oat 
on the 9urface^ because a dihivial or alia- 
▼ial covenng usually conceals the ontcrop, except M tfaiff 
sides of raTines^ the banks of streaaw, or the faces of elifik 
^ The rock strata, are in gjeology, what the bones are in 
anatomy, when the coriarinji^ is (mee removed| the abso^ 
lute structure is at once seen." 

In searching for coal, observe the kinds of rock, loom 
stones, and pebbles, examine the springs and beds of 
streams for sooty matter, and trace it as near as posriUe 
to whence it issued ; ascertain the direction otf" the dip^ 
then bore in a proper situation, and ascertain Uie qusdity 
and thickness of the bed, and whether there be more than 
one bed. 

Coal exists very abundantly in the United States^ and 
it is in general very conveniently situated for working •» 
advantage. The coal mines of Virginia and PemMylvfr* 
nia are more extensively wrought than any others in the 
U. States, and the quantity seems perfectly inexhaustible* 

In Europe, where the people are mostlv dependent up- 
on the produce of their coal mines for fuel, the coal mines 
are extensively wrought, and under circumstances that 
require all the aid that the sciences yield. There are 
more hazards to encounter, and difficulties to overcome^ 
in working coal mines than any other. 

The coal formation which has been described, is the 
great or independent coal formation, and is supposed to be 

Do the coed tirata ffeneraUy crop out on the surface? 
In searehinfi^Jer coaLhow wouid you proceed ? Is coal 
abundarU in the U. States^ and where are the mtfist 
virouffhi most eastensivdy % Are there many difficulties 
in working coal mines ? What coal formation is that 
which has been described^ and what are the names of 
the coal? 



Ae pIfMNd kepoiltory of^niMMiaoiiwifiattieraivl^^ 
lotAa.- Tbiioottlk-UiebltiiBiiiKaveoal, caUedate 
eodl^ MMk-eoKl, oakincp-eoai, dx. It gives much moke 
^vlietfi^Viif DlDg. It hea fpanerally beett Uiooffht that the 
MonikracUe isoali of PenneylvBDia^ beloii^ to the trami- 
tln iroeki i but Prof. Eaton U^nke be has traced its con* 
oectloii #ith'the Tioffa bitaminoiw coal, and the orj^aoic 
reiMuAe are many of them similar to thoee of the great 
coal fivmation. It would seem, then, that Uie anthracite 
of Pennsylvama belongs to the great coal foraiation. 

There is another species of coal, occurring in a differ- 
ent geological position from either ol the ^era, and is 
called w^ coal and lignite, from its shewing distinctly 
tOiat it has been formed from wood. It is oAen found in 
the form of trees, branches and fruits, and still retaining 
the appearance of the wood, except the color. " Wood 
coal is found in low situations, and appears to have been 
formed of heaps of trees, buried by inundations under beds 
of clay, sand or gravel.*' ^ In wood coal we may almost 
seiM liature in the act of making coal, before the process 
w completed. These formations of coal are of far more 
recent date than that of common coal, though their origin 
most be referred to a former condition of the globe, when 
the vegetable productions of tropical climates flourished 
in northern latitudes." 

J^ which is used as an ornament, is a variety of lig- 
nite which has lost its ligneous structure. Amber is gene- 
rally found with lignite, and appears to have been a resin- 
OQ8 substance that exuded from the wood, and has become 
changed by being so long imbedded in the earth. Amber 
often contains inaecta imbedded, which liQxews that it must 

Does the anthracite of Pennsylvania seem to have 
the sarne geological position as the ffreat coal formch- 
tion ? Is there any other kind ff coal^ and hann^ a 
differeiA gedogical position ? What is it caUed ? and 
from what circmnstance? Which coal is of most r^s- 
cent origin 1 What kind of plants flourished when this 
coal vxis deposited 9 What is jet 7 In what situation 
is amber fovnd f What appears to have been its ori- 
gin ? Whal does amber often contain ? 
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have been in a soft state, and on the earth's surfaosi tod 
in which the3r became entantirled, as they do new in the 
gums &nd resins that exude from certain trees. They mny 
be oflen observed in flum copal beautifully preserved. 

Lignite occurs in mrse quantities in New Jersey, aloqa 
Raritan Bay, in the cTiffi^ and in various other parts S 
_ the country. The lar^ bodies of the plants are 
dZr^jjreneraliy flattened, (as seen in the marynni) as 
though the weight of the superincumbent earth had prosr 
eed the sides together. 



CHAP. VIII. 
Upper secondart rocks. 



The upper secondary rocks comprise all the difienat 
formations above the great coal formation, to the upper 
limit of the chalk series. These rocks are divided into 8 
formations, viz : 

1 Chalk, or cretaceous rocks, including the ferruginov 
and green sand ; 

2 Oolitic rocks, lias limestone and lias clay ; 

3 Red sandstone, including magnesium limestone. 

The red sandstone goes also by the names of variegata^ 
sandstone, new red sandstone, and red marl ; and is molt 
important as being the principal repository of rock salt. 
The magnesian limestone is the lowest part of this rock 
formation. This limestone dissolves more slowly thaB 

What does this sJiew ? In vohat may insects he obaef' 
ved beautifully preserved ? Does lignite occur in thi 
U. States ? How do the bodies of the large plants afh 
pear ? What seems to have caused this fattening'? 

What are the limits of the upper secondary rockif 
Into what formations are they divided 7 For what if 
the red sandstone most important ? What are the cAor- 
acters of magnesian limestone ? 
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or limestoDe, and is generally of a buff color, and sandy 
its texture. Someoftheae limestones form an exOfellent 
iidin^ material, and yield a fetid smell when hammer- 
They make a good lime for cements, but it will not 
3wer for liming land, as it injures the fertility of the 
1. Magnesium is found to be uniformly injurious to ve- 
tation, and magnesian soils are barren. The fossils in 
s limestone are not numerous. 

The texture of the rocks of the red sandstone formation 
irery various. It appears sometimes as a reddish marl 

clay, sometimes as a sandstone, and sometimes these 
3 interstratified, or pass into each other, and it is some- 
aes associated with beds of a conglomerate rock, which 
composed of pebbles and fragments of other rocks ce- 
snted together. 

The soil where this formation occurs is reddish, and 
eep living on it have their wool tinged with red. 
There is often a btrong similarity between the sandstone 

the coal measures, and that of this formation, but they 
\y be distinguished by the latter containing gypsum. 
The red sandstone formation is characterized by the 
St appearance of any abundance of the remains of the 
urian, or lizard-shaped animals. The remains of a num- 
ir of species have been found, differing in their appear- 
ice from the crocodile and alligator, and some of them 
ust have been from 60 to 120 feet in length. These ani- 
als appear to have lived in salt water, unlike any of this 
ass with which we are acquainted at the present day, 
1 of which belong either to the land, or to fresh water, 
hey had neither feet nor fins, but paddles, like the sea- 
rtfe, and their tails were long, of the form of an oar, and 
ted to propel them in the most agitated waters. 

What are the characters of the red ttandstoneforma- 
7n ? What is the color of the soil of this formaiion 7 
bw are the sandstones of tliis and the coal formation 
stinffuished ? By what organic remains is the red 
tndstoiie characterized 7 WJiat appears to Jiave been 
£ size of those animals 7 Where do they appear to 
ive lived 7 Had they feet^ or fins ? Were they calcu^ 
'.led for moving' on tandf or in the water ^ 



Hie mM ^oi M e mte e rt li ftontf tilths iM iriwiM 
Bftf fypifntk add rbok atdt The gsrpMiA iff fibreiHL A 
dte, and ery«callis6d. Man^npotilbri«tirtookiBiK^ 
ntaftled near th« foot of moantaiD iaiig<ta^ and althoal 
gait i« mof6 fipeqiientljr fbtuid at b tooipamtivelylovr IMI 
ithasalflobero foood higli afaio?e the leVal of tfaa nai i 
in the Alps, and on the Andee. 

The great salt mines of Cheiihire, in Bn|^ilnd» dtYfk 
ietska^ in Pdland, and thoie in Germany, Spain, BohI 
and Turkey, are in the red sandstone formatfon. Tl 
salt of Gardona, in Spain, appeiuB to have been an eM 
moos masiL in which the water has formed tallies, " kri 
inj^ several detached mountains. — S. j. zv. P 1} S* 

^ Nothing can compare with the ma|punc«ice of fl 
spectacle which the mountain of Gardona exhibits at M 
rise. Besides the beautiful forms which it pre e en t% 
appears to rise above the river like a mountain d* predoi 
ffems, displaying the varioos colon produced by the n 
fraction of the solar rays through a prism." — Aakewd 
pp. 187. 

Hungary and Poland afibrd the most nomerooi as 
extensive repositories of rock salt in Europe. 

There is a formation of rock salt on each side ol (li 
Garpathian mountains, six hundred miles in length, 

^ The salt mines of Welielska, near Gracow, haveM 
long celebrated, and frequently described : they are iNi 
ked at the depth of 750 feet." " At Paraid, in Traiay 
vania, there is a valley, the bottom and sides of which ii 
pure rock salt. The mme of Eperie is about 090 feet detj 
Water is sometimes enclosed in blocks of salt." — Brai^ 
niartf Minercdoffie. 

On the northern shore of Africa, not far from Algia 
and Tunis, are salt lakes, communicating with the Med 
lerranean sea by small springs, through which, daring 
the warm season, there is a continual influx of the m 

What are the meet valuable minerals found in fl 
red eandstonef Hoio is rock eaU eituatedl Doei * 
ever form extenswe m^ieees 9 jfn what parte of Eurei 
f> rock ealtjmmd abundanUy ? Hoxc ie rock eaUfim 
in lakes in Africa ? 
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MMr, mid fWmi the deposit of salt, ooneqnent upoD the 
iMpomtioD of the water, some of them have become ■bal- 
aw^ and their bottonui covered to an unknown depth with 
vek ealt Some of the salt lakes of Africa dry tip entirely 
n the summer, and leave a bed of pare rock salt. The 
aJt 'springs of Africa, on the borders of Caffraria, east of 
iie Cfape of Qood Hclpe, contain beds of rock salt variou»- 
T colored. There is a remarkable formation of salt at 
rasa, in Castile, placed in the immense crater of an ex- 
tinGt volcano. 

The salt of North wich (Cheshire ca England) altem- 
ites with clay, and marl containing gypsum. The upper 
wd of salt is from 00 to 90 feet thick, and below this, se- 
MfBted by a bed of clay, is another which has been pen- 
itrated 106 feet without finding its bottom. This mine 
^elds 156,000 tons of salt per annum. The mines and 
pringsof salt in Europe yield 15,000,000 ions of salt per 
jmonL Rock salt has not been found in the U. States, 
xcept far to the west of the Mississippi. *^ The salt 
Qountain is situated at the head of one of the western 
fanches of the Arkansas."— '«Stor2tfani'« Sketches^ p. 403. 

Salt springs are very numerous in many parts of the 
Jnited States. The water sometimes flows naturally, 
ot more frequently it is obtained by boring through the 
treta where salt water is known to exist, in the vicinity 
f 9aiU licks* These licks were the places of resort for 
rild animals before the settlement of the country. They 
^ere easily found when the country was newly settled, 
y the paths which converged from various directions to 
16 licks, where the animals repaired to lick the clay im< 
regnated with salt. Some of these licks are remarkable 

Mas rode salt been found in the U. States ? Are salt 
orinffs numerous in the U. States ? How is the salt 
uUr more frequently obtained than from the natural 
mnfirg upon the surface ? What are sail licks ? For 
hat are some (f these remarkable ? 



*It U neceuary to drill, or )>oie through rocks, often severtl 
radred feel, before the lalt wtter is retched, and then the ¥ra.litf 
MS, and orerhowM at Uie surface. 
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for the qcnotitiei of fonl booai foand adjaeent to 

The booet of the BfoflCodoiL the Elephant, 6lc^ um 

abundant^ fuid the liek called Big Bone Lipk, in Kn- 
tucky, ii ibe oae at which these remaimhaveiMen kmd 
in the ^reaieet abundance. •■ v' 

The Mastodon was the largest land animal that li 
known to have existed. This animal, which is not in o^ 
istence at present, was formed much like the elephant 
except in tne teeth ; but the elephant must have WBoati 
a pi<?my by his side. The teeth of the great masbxkn 
often weigh from six to seven pounds each, and odb of the 
tusks is as much as a strong man can lift. 

As to the origin of salt cieposits, and salt springs, mttiy 
opinions have been advanced. Rock salt is usoaUy of t 
crystalline texture, and is associated with maleriaJs tlMt 
have evidently been subjected to the action of waterj m 
clays and sanus,and conglomerates of sand, gravel,pebblK 
&c., and these often contain shells, and the teeth aai 
bones of marine animals. 

All agree, that the salt deposits bear conclaaiVB flfi- 
dence of having been deposited from water. 

Salt springs, in Europe, are most abundant where nek 
salt abounds, and from flowing over its beds, the water ii 
doubtless impregnated. This explanation will not hoU 
for our salt springs, for, rock salt, although it has ban 
diligently sought for in the vicinity of salt springs in tUs 
country, has not been found. 

Prof. Eaton has published a fact that goes far to prove 
its orijrin. He mentions, that fragments of the hydrauUft 
limestone, found a few miles west of the Onon^iffaMll 
springs, when examined externally, or pulverized, pre- 
sents nothing to the senses resembling common ndtj bat 



Which of these licks has the greatest number of thorn 
fossil bones? Of what animcus are tlie reTnain^mod 
common ? Whkt is said of this animal 1 Upon «M 
are all agreed in the deposition of rock salt ? Witt tiu 
same exptanatixm hold for our salt springs, eufor Hum 
of Europe ? Fi^om what w it probable thai the toB 
of our salt springs is derived ? 
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when kept a few days in a moist cellar, they became in- 
oniBted with common salt. — Sj. vi. p. 242. 

He has also found in some of the rocks, cubic cavities, 
BDd cavities like the hopper-shaped crystals of common 
salt Although several minerals crystallize in the cubic 
ibrm, none but salt are known to have the hopper-shaped 
form. 

These facts constitute a train of evidence, which ren- 
deiB it probable, that the salt of the salt spring, is deriv- 
ed either from salt, or its elements, contained m the rocks 
overWing that, on which, as a floor, all tlie salt Bprings 
are found. 

It is a fact worthy of remark, that salt, a mineral so 
necessary to supply the wants of man, is found abundant- 
ly in almost every country, either in its solid state, or dis- 
solved in the water of springs. Denmark, Sweden and 
the eastern part of the United States, are exceptions, but 
they are placed in such a situation that they can easily 
draw their supplies from the great reservoir of this mine- 
ral, the ocean. 

Lias. 

The lias limestone and clay, when fully developed, 
form a mass of several hundred feet in thickness, lying 
upon the red sandstone formation. 

The limestone is of a bluish or light buff color, and very 
compact. It often contains bitumen, alumina. i\in\ oxide 
of iron. The finer kinds of lias limestones n.'ceivc a po- 
lish, and are used for lithography. This limestone is 
also employed for making hydraulic cement. 

The lias clay often occurs in the form of a soft clay or 
shale, impregnated with pyrites and bitumen. When 
made red hot, if more be piled on the first, it also ignites, 

Is sail found ahiindanlly in every country ? IMie^Ki'. 
do people draw their supplies of salt, when they have nei- 
ther 7'ock salt or salt springs ? Upon what docs the lias 
lief IVhat are the characters of the lias limesio7ief 
For what is it employed 7 How does the lias clay ap- 
pear 7 Can it he made to hum 7 
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and oootimits tobam gradoally lbrmBetiiii& &4bii 
way, immeiiie httpa of thk material, eallad alnm -4M% 
are raa«ted, and imparad §n makiiig alum.* 

The beds of lias day and limeiUMie aie parlieali^ 
diltinguiihed bv the number and variety or inanieii^ 
mains which they oootaio. The moiA w—nftiiMe d 
these are the bones of certain fish and lizard-shaped aa- 
mals. An idea of the magnitnde d these "I'mak WBf 
be formed when it is said Ihat fdaces in UieKoll tew 
eyes of the animal are fnnn 9 to 10 inches in diameter. 

OoUTfi. 

The oolitic rocks are composed of varioaa atrate d 
limestone, clay, sand and sandstone. Oolite derives its 
name from the small globules that are imbedded in tfas 
rock, and some of the masses appear composed of Kids 
rounded globules like the roes of fish, from which it iaslr 
so called roe stone. This limestone is sometimes enplof- 
ed as a building stone, but it is not durable. The oolita 
rocks are remarkable for the great varie^ of organie le- 
mains contained in them. ^^ The vertebrated animah 
whose remains are found in oolite, are some ^ them of the 
same genera as those discovered in lias ; but others be- 
long to the crocodile genus, and had feet, like the Uvii^ 
species of crocodile, and were probably amphibioaB: 

What is made from it after it has been burnt f Bom 
is alum made ? How are the beds of lias particular^i 
distinguished? What are the most remarkable of Ihm 
remains 1 Of what are the oolitic rocks compoaei^ I 
From what does oolite derive its name ? For uihat at y 
these rocks remarkable ? ^ 

- I i^M^i I 1 ^^^— ■ 1^ ^ 

* Alum is composed of sulpharic acid, alumina, and potam* 
The sulphur of the pyrites in the clay, forms a sulpharle add 
during the burning, which unites with the alumina and potaaia is 
the clay, and forms alum. By leaching water through the borsl. 
clay, and eraporating the water, alum is obtained. SomefiMi 
the clay does not contain potassa, and then that is supplied Iff 
mixing common wood ashes with the burnt clay, and leacbing m 
¥aporating the water as before. 



a 
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lience we may infer, that there were riveia and dry land 
10 the vicinity." 

*' It may well excite surprise, that calcareous strata 
should so rarely be found which present distinct indica- 
tiona of having been formed exclusvel v by coralline pol- 
ypi, particularly as coral rocks and ree& of great extent 
are so rapidly forming in our present seas. There are, 
however, among the strata of oolite, some which are al- 
most entirely composed of madreporites, and have receiv- 
ed the name of coral ragg. There are other strata which 
abound in the remains oflossil sponges alcyonia, and with 
congeries of minute millepores and madrepores." — Bake- 
wMs Geology^ p. 201. 

Chalk. 

Associated with chalk,are, a reddish brown colored sand, 
or loose sandstone, called iron ore ; ferruginous sand, and 
one called green sand, from its containing particles which 
give it this tinge. There are some others that have not 
been identified in this country, viz: WeM clay and Pur- 
beck limestone. These strata are all placed between the 
oolite and chalk, and they are remarkable for containing 
the remains of land and fre&h water animiil&>, and plants 
similar to those growing under the tropics; while the 
chalk forming a thickness of h'om 600 to 800 feet above 
them, contains only the remains of marine animals. 

Mr. Mantell concludes his " Illustrations of the geology 
of Sussex" with the following remarks : " The gigantic 
Megalosaurus, and yet more gigantic Iguanodon, to whom 
the groyes of palms and aborescent ferns would be mere 
beds of reeds, must have been of such prodigious magni- 
tude, that the existing animal creation presents us with 
Do fit objects of comparison. Imagine an p.nimal of the 
lizard tribe three or four times as large as the largest cro- 

Are there any rocks formed by the coralline polypi a- 
viong the oolitic strata 7 Whnt are they called ? Arc 
ant/ fdled with fossil sponges 7 What strata, are asso- 
ciated with the chalk, and lie under it 7 For what are 
the strata between the oolite and chalk remarkable 7 
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codiI& having jaws, with teeth equal m aise to the ineii' 
on of the rhinoceroB, and crested with boniB ^-^HHxh a 
creature must have been the I^uanodon I Nor were the 
inhabitants of the waters much leas wonderful ; witnes 
the plesiosaurus, which only required win^ tobe afljiog 
dragon : the fishes resembling Siluri, BalisUe, Ac** 

Chalk is too well known to need description, but it va- 
ries considerably in the beds where it is found, being some- 
times hard enough to be used as a buildinj^ stone. Fliot 
occurs in rounded masses in chalk, and these nodules are 
generally arranged in regular layers. 

" All the fossils in chalk are regarded as belonging to 
species now extinct, and several of them belong to extinct 
genera." Although proper chalk has not been found in 
this country, a chalk formation has been shewn to exist id 
New Jersey, by Dr. Morton. The organic remains are 
uimilar to those of Europe, and the chemical composition 
the same, but the minerological characters differ. The 
green and ferruginous sand correspond both in fossils and 
in minerological character ; and there is a strong probsp 
bility, from recent observations, that this formation is very 
extensive in the United States. 



CHAP. IX. 

Tertiary roces. 



The tertiary rocks comprise all the regular beds of 
limestone, day, marl, sandstone, or sand, wJiich \^re de- 
posited since chalk. They were, until within a fewyeart, 
confounded with alluvial and diluvial deposits, and were 

Is chalk ever hard enough for building t What mwr 
eral occurs in chalk, and how are the nodides arran/f' 
ed 7 Are the fossils of chalk like similar animals nov 
living ? Has chalk been found in this country ? Is there 
a chalkformaiion wf the U. Slates ? Do the green, and 
ferruginous sands occur in the U. States f What do 
tJie tertiary rocks comprise ? 
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but littk Dotioed. It is pow aGcertained, that the tertiary 
fonnatioDs are widely spread over our islands and contin- 
ents, and that some of them are ofconsiderahle thickness. 

" The most remarkable discovery that has been made 
respecting the tertiary deposits, is, that many of them con- 
tain the bones of mammiferous quadrupeds, as perfect 
in their organization, as any of the existing species of land 
quadrupeds; but most of them belong to genera or spe- 
cies that are extinct. The tertiary strata are further re- 
markable, for presenting the frequent alternation of beds 
containing the remains of marine animals, with other 
beds, that contain the bones of land animals, or fresh wa- 
ter shells. It appears that the tertiary strata were chiefly 
formed in detached inland seas, or lakes : hence, there is 
a considerable diversity in the thickness, number, and 
qusdity, of the beds, in different districts or countries." 

It may be well here to remark, that the remains of 
mammiferous animals, or those that suckle their young, 
ere not found beUno the tertiary deposits,* " During the 
deposition and consolidation of the upper secondary stra- 
ta, the crust of the globe appears to have remained in a 
quiescent state, and to have experienced few violent con- 
cussions and derangements, from internal causes." We 
find the upper secondary and tertiary strata arranged ho- 
rizontally, or nearly so, over the inclined lower secondary, 

With what were they formerly confounded^ What 
remarkable discovery has been made respecting- the ter- 
tiary deposits? What is remarkable in the fossils of 
the aUemaiing beds 9 Where do these strata seem to 
have been formed ? Are the remains oj mammiferoits 
tMnimala found below the tertiary strata 7 Do the upper 
secondary rocks seem to have been deranged in their 
poditions during their deposition 1 Are the upper se- 
condary and tertiary strata arrat^ged confoj^mably 
oter the lower rocks ? 

* There are a few exceptions to this rule, but they are in what 
hate been termed anomalous deposits, and are by some thought 
to be only apparent, but not real exceptions. 
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transition, and primitive rocks. The faults and dvkaL m> 
common in the lower strata, and in the vicinity of wbieh 
the rocks are so much bent, contorted, and deranged in po- 
sition, rarely extend into the upper secondary and tertiaiy 
strata. Where these latter rocks ^ have experienced any 
considerable disturbing force, it appears to have operated 
at a comparatively recent period, after the depontioD of 
the tertiary strata," for they appear to have been raised, 
or depressed together. The cities of London and Parit 
are both situated on a tertiary deposit, which rests upoB 
chalk, and from the basin-shape, they are termed the loh 
don and Paris chalk basins. 

" The country in which the capital of France issitm* 
ted, is perhaps the most remarkable that has yet been ob? 
served, both from the succession of different soils of whk^ 
it is formed, and from the extraordinary organic remains 
'which it contains. Millions of marine shells, which alter- 
nate regularly with fresh water shells, compose the prio- 
cipal mass. Bones of land animals, of which the gen^n 
are entirely unknown, are found in certain parta;. other 
bones, remarkable for their vast size, and of which some of 
similar genera exist only in distant countries, are foniui 
scattered in the upper beds. A marked character of a 
great irruption from the south east, is impressed on the 
summits, and in the direction of the hills. In one word^ 
no country can afford more instruction, respecting the last 
revolutions which have terminated the formation of the 
present continents." 

The fossil shells found in the tertiary strata, mostly ber 
long to genera now existing in our seas ; yet slight vari' 
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Do Jimlts and dykes often extend into the upper a^ 
eondary and tertiary strata 1 Where the upper seooi^ 
dary and tertiary rocks have been deranged in their 
posnioUy at what period does this arrangement appear 
to have taken place ? On what formaiton do the diki I n 
of London and Paris standi On what do the terHan ^ 
deposits rest 7 For what is the country around Pant i^ 
most remarkable? What sheiDemdeneeaof anirru^ ^ 
tionofwaterf Do any of the JbssU ehelle of ike i0^ T. 
tiary strata bdonff to generq fwp emeting f J] 
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fttioDS of form, have induced naturalists to regard tbem 
as distinict from the living species. The water from the 
tertiary strata is not generally pure, but oflen impregna- 
ted with various salts : but good water may be generally 
obtained by boring throagh these deposits, so as to allow 
the water to rise from the 
lower strata. The tertia- 
ry strata being situated in 
basin shaped hollows, thus, 
pools, ponds, or streams ot 
water, situated at a, would 
let the water penetrate between the strata, so that if the 
strata be bored at b, the water would rise to a level with 
that at a. If 6 should lie below the level of a^ the water 
would spout up, or at least, run over, at the surface of the 
earth at b. Good water is in this way often obtained from 
a depth of several hundred feet, and not only from boring 
through the tertiary rocks, but in any of the classes of 
rocks. }l however requiies much judgment to determine 
whether wajter may be obtained in this way, in any par- 
ticular locality. 

The tertiary strata of the Paris chalk basin, shews not 
only the remains of sea animals and land quadrupeds, but 
aJso those of birds, among which may be mentioned ihe 
dfick, pelican, curlew. Woodcock, starling, and sea-lark. 
Feathers have in some instances been found, shewing di9» 
tinctly their impressions, in the gypsum. Fish are not 
uofrequently found imbedded in these strata, but they are 
more common in bituminous marls, and slates of flie up* 
per secondary series. Fossil fish are found very abundant- 
ly in the slaty marl quarries of Monle Bolca, near Vero- 
na. More than one hundred difierent species have there 
been ihund, and of these, very few are known to exist at 

Is ihe water obtaineclfrom the tertiary strata jmref 
With whai is it oflen impregnated? How way good 
vxxier be obtained ? May water be obtained from great 
depths by Hiis means? Mre the remains of birds ever 
found imbedded in rocks 7 Are fish found fossil 7 Ar^ 
fhey most common in the upper secondary, or tertiart^ 
0trata9 Where have they been fimnd^v3(iw^ 
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present in the vmien of oar planet Fooril fish hare been 
tbund in a bitaminous shale, near Middletown, Conn. aDd 
in Sunderland, Mas&, in considerable numbers. Fishes 
appear to have been suddenly and forcibly enveloped in 
the substance contaixiin^ them, if we may judge from the 
contorted posture into which they had thrown themselves, 
apparently with a view to escape the terrible catastrophe 
ot which they are monuments. 



CHAP. X. 
DlLTVIAL DEPOsrrs. 



The crumbling of rocks is constantly goincr on from the 
etlocts of the weather : all bare and lohy cli& and nxmo- 
tains are gradually weanrsr «^own, and the process conti- 
nues, " until they are covered with soil and vegetatioD, 
wluoh protect them from further decay.*' 

" l?osides the causes which at present operate to reduce 
the most ex{xved and prominen^ parts of the earth's sor- 
face, and transport their materials into plains, or to the 
8oa-€!hon?, there are evident indicatic-ns of the destructive 
ell'ecis of ancient inundations, which have swept over the 
surtace of the present coriinents, excavated new vallies, 
torn od the summits of the lotticst mountains and spread 
their niins in immense froi^menis over distant regions. 

^ The sand, soil, or fragments, brought down by rivers, 
and spread alon^ their banks, or at their mouths^ are call- 
ed aUnrial depositions. Tlie b'.xks of rock, and the beds 
cf gravel spread or scattered on the surface of the ground, 
composed of stone, or fragments foreign to the disdict io 

Baretkey been found in the United Statist Dotheg 
seem to Auve been destroy suddenly J Ms there an 
thing- to indieaie ihataddturehas swqtt overtheUaiA. 
What are eridemcestfAisf What are oMuriiUdep^' 
eUions? What are dHwcial deptmUV 
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which they are spread, and which frequently cover the 
bones of unknown species of ciuadrupeds, are called diltt- 
vial depositions^ viz : depositions which have been form- 
ed by a deluge." — BakewelPs Geology, 

Tiie {)henomena of the diluvial ruins are highly im- 
portant, inasmuch as they demonstrate the nature of the 
causes that have modified the present surface of our plan- 
et, and by the quantity of these wrecks, we can form an 
estimate of the forces in action to produce them. 

Ohio, in which the rocks are secondary limestones, sand- 
stones, &c., is found to have boulders * of various primi- 
tive rocks, as granite, sienite, &c., scattered abundantly 
over some parts of its surface, and no rocks of these kinds, 
are known to be nearer than on the north side of the great 
lakes. The Alps, and many parts of Germany, Russia, 
&C. have their surfaces strewed with huge blocks and 
rounded masses of primitive rocks, which are said to have 
been evidently brought from Denmark, Sweden and Nor- 
way, for there, exactly the same rocks, containing the 
same minerals, and presenting the same appearances, oc- 
cur. Similar apearances occur in every country. Sand, 
gravel, and pebbles, are of still more frequent occurrence, 
which appear to have been transported from their original 
situations, and deposited in new ones. Most of these ma- 
terials have their angles rounded off, and appear to have 
been rubbed and worn by friction against each other, like 
the pebbles in a river, or on the sea-shore. 

One remarkable circumstance in relation to these tra- 
veled fragments is, that we oflen find them of great mag- 
nitude, and separated from their parent bed, by the inter- 
vention of deep vallies and seas ; and it seems impossible, 
that the force of currents, however impetuous, can have 
driven them up the steep sides of mountains, or through 

What do the diluvial ruins demonstrate ? What are 
boulders 7 What is remarkable in the situation of these 
rocks ? 

* Boulders are the loose, rounded masses of rock that we see 
teattered over and in the soil, in Tarioua parts of the country. 
Bocks are said to be in p/oce, when they are in ojatif e ledses, or 
•trftta« Boulders are rocky masses, not in placet 
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the deep beds of seas. The explanation that seems mtM 
reasonable, is, that they were transported on ice her»% 
before the continents were uncovered by the wateraof tho 
deluge, and deposited where they are now found, by the 
gradual melting of the ice afler it had grounded^ or eveo 
when floating. Scoresby counted 500 ice bergs in North 
latitude 69*> and 70*», and many of them were loaded with 
beds of rock, eartli and gravel, of great thickness. Such 
islands of ice haVe been known to drifl to the Azores, 
from the west, and to the Cape of Grood Hope, from the 
south. — PhU. Magazine, 

There is no difficulty in pupposing the transport of gra- 
vel, sand, or pebbles, by the action of running water, to 
the situations in which they are found, when we take into 
view the violence of the currents which roust have been 

I>roduced during the rise and fall of the waters of the de- 
ufire. 

^' In order to appreciate justly the effect of such a tre- 
mendous rush or waters, we must compare it not qdIv 
with common tides, but with those more violent ones with 
which we are acquainted." " Between the Mata Cape 
and the North Cape, in the place where the great camd 
of the river Amazon is most confined by the islands, the 
tide presents a singular phenomena. During ihe three 
days nearest the full and new moons, (the times of the 
high tides,) the sea, instead of employing six hours to rise, 
attains its highest elevation in the space of one or two mi- 
nutes. It may be supposed that this is not effected very 
quietly : a terrific noise is heard at the distance of one or 
two leagues, which announces the pororoca, or bore, (such 
is the name the Indians of the district give to this tmible 
tide.^ As it advances, the noise increases, and presently 
one Beholds a promontory of water, from 12 to 15 feet in 
heighth ; then a second, then a third, and often a iborthi 

What explanation is offered of their transportation^ 
Do ice berffs now often transport large masses of rock 
far from their original situation 1 Is there any diffi- 
culty in accxmiding for the transport of gravely sand 
and pebble»% Wha^ ia said of the pororoca of^ 
Amazon? 
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which follow close on each other, and which occupy the 
whole breadth of the canal. This surge advances with 
prodigious rapidity, breaiciog down and shaving clean a» 
way, every thing that opposes it. Wherever it passes^ 
the coast is laid as smooth as if it had been intentionallv 
and carefully swept. — Silliman^a Outline^ in Bakeiodfs 
Qeciogy. 

*' At the mouth of a river in Nova Scotia, a schooner 
of 32 tons, laden with live stock, was lying with her side 
to the tide, at the influx of the bore, which was then about 
10 feet in perpendicular height. No sooner had this mass 
of water reached the vessel, than that great body was 
turned over like a barrel, and presently disappeared. Af- 
ter the tide had ebbed, the schooner was so totally absorb- 
^ in the sand, that the upper rail of the deck was alone 
visible." 

'^ The tides in the Bay of Fundy are said to rise sixty 
feet, — to come roaring in like a mighty rushing flood,— o 
and that people and animals upon the beach, sometimes 
with difiiculty escape with their Uves." 

" On the 14th Oct. 18S£2,a wave, which, during a storm, 
broke against the pier of Ramsgate, and was dashed up- 
wards to a height of about 14 Teet, fell again upon toe 
-stone pavement of the pier head ; and, by the force of its 
•reaetion, raised a 36 lb. carronade, with its carriage, over 
■a stone ledge, and precipitated it into the sea." The ef^ 
ibrts of 20 men would have been required to produce the 
«ime effect. 

''In the great tempest of Sept. 1815, among many simi- 
lar effects, which happened all along the shores of New 
England, a vast ridgy wave, raised by the hurricane, 
came suddenly, in an overwhelming deluge, upon the low- 
<er town of Providence, in Rhode Island, and by its force^ 
entire rows of houses, and stores, and warehouses, were, 
in a few minutes, prostrated. Ships of 300 and 400 tons, 
were thrown upon the wharves, knocking down large 
buildings by their momentum : some were carried into the 

What is aaid of the effects of the tide in the Bay of 

Fundy 7 What were tKe effects of the wave thai rushed 

data the town of Providence dwrxng the storm of 1815 ? 
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town, thraating their jib booms in at the 2d and 3d stories 
of houses: others were lodged in the streets; and annm- 
ber, and those some of the largest class, (amon^i^ them the 
Ganges, formerly a sloop of war,) after carrying away a 
strong bridge, were driven through a bay, usually too 
shallow, even for small craft, and were thrown up hi^ 
and dry, upon a beach, where the salt water has never 
come again." — SUlimarCa Otsiline in BakewdPs ChoPy, 

The effects of torrents, and of lakes burstiof? their boon- 
daries, are still more striking, and I beg leave to refer the 
reader to the American Journal of Science, vol. iv, p. 125, 
and XV, art. il. xi, p. 39, for an account of such pheno- 
mena, which have occurred within a few yeane^ and in 
our own country. 

/ The evidences of the deluge are imprinted in an im- 
' perishable manner, on all parts of the earth, in the transp 
pprted materials, which have been spoken of, and in the 
vallies scooped out of the originally continuous '^^ ^ 
which mention has been made in the chapter on stratiDoar 
tion. Supposing the highest elevation of the waters tD 
have been 5i miles : as £ey were 40 dAVB in rising^ Hbef 
rose at the rate of 181 feet m the time of a common floo^ 
or ebb tide. 

If we now glance at the effects of the tides which have 
been mentioned in the Amazon ; on the coast of Novt 
Scotia; of the storm of 1815, in New Bngland ; thatoo 
the Catskills, in 1819; and that on the White Moontain^ 
in 1826, how much more powerful must have been the ef- 
fects, where the water was rising continually, and acqou^ 
ing additional force and velocity, during its 40 dajrs risB 
of the deluge. '' It is not easy to exalt the imagination to 
an adequate conception of the terrors of that awful catas- 
trophe. The inconceivably violent torrents and cataracts, 
every where descending fVom the hills and mountains, and 
meeting a tide, rising at the rate of more thai^ 700 feet in 
a day, must have b^n resisted and aggravated in ibree^ 
wherever it encountered the land, and still more by the 

Do valliea appear to have been ecooped ouibythed^ 
vffe ? Must Vie waters of the dduge have risen mom 
rapidly tJuin our highest tides ? 



DILUVIAL OEP08ITB. 73 

hillfl and the mountain rid^i^ Impelled with resistless 
violence — it must have swept over the surface, with a 
force vastly greater than any thing we now know, of the 
mightiefct rustling waters. It evidently rolled everywhere 
over the various inequalities of the land, in tremendous, 
agitata 4)illows ; and where it was narrowed by ridges, 
and hills, and mountains, and thus forced through valliea 
and defiles, it must have presented innumerable raging 
torrents and cataracts, of awful height, force emd magni- 
tude, compared with which, even Niagara would be in- 
significant" — SiUiman^a Outline, 

The bones of various animals have been found in the 
diluvial gravel, most of which are similar to those of ani- 
mals now in existence. Some of the animals whose re- 
mains are found, appear to have become extinct since the 
deluge, such as the mammoth^ the mastodon, &c. Caves 
have been found in England, France, and Germany, con- 
taining immense numbers of the hemes of animals, which, 
in some, are imbedded under a kind of yellowish earth, 
like that which is supposed to have been deposited while 
the waters were resting upon the earth, during the del- 
uge. Some of these caves appear to have been the dens 
of antediluvial carnivorous animald, and into others it ap- 
pears that the animals may have retired to escape the del- 
uge. The bones of some of the animals shew the marks 
ot teeth, as though they had been gnawed ; and the bones 
<rf*the hyena, b^r, wolf, fox, dog, horse, ox, and a great 
variety of animals are found in them. The earth, in 
which these bones are imbedded, is generally covered by 
a stony mass, since formed. In some of the caves, all 



Bdve any bones been found in dUuvial graveU Are 
they Vie same ae those now existinfr 7 Do any animals 
seem to have become extinct since the ddu^e ? Are the 
bones of animals found in ff^reat numbers in the caves 
o^ England, Germany and Prance ? Are these in the 
loose earth of recent deposit y or in diluvial mud 7 What 
do some of these caves appear to have been ? What do 
Boms of the bones shew? Is the earth in which these 
bones are imbedded^ ever covered by a stony mass f 
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the earth appears to have been formed by animal deedtm 
position. 

Some human bones have been found in caves of thii 
description in France, so situated as to induce the idea 
that the subjects of them were destroyed by the delagei 
Similar relicts have been discovered in diluvial gravel, at 
the depth of about 50 feet ; and remains of this kmd have 
bIso been found imbedded in a rocic of recent ori^n, and 
which is even now in the process of formation, encloBin^ 
evenr thin;^ thrown upon it by the surf. It is a remarka- 
ble fact, that, notwithstanding the great variety of faank 
observed in the rocks, the remains of man are- not tmmd 
fossil until we come to the diluvial deposits. €}eoiogical 
facts shew, that the various plants and animals were er^ 
Bted in the same order as is mentioned in the Mosaic ae- 
eount, and that man was created last, as we find his re- 
mains only in those deposits laid down since all those great 
changes and convulsions, which destroyed so many mill- 
ions of millions of animated beings, and formed some of 
the rocks of their remains. 

t • I I 111. 'I Ti 1 I > 



CHAP. Xt 
Alluvial deposits* 



h is ofben difHcult to distinguish betiVeeti the allu^ 
and diluvial deposits, but the distinction is in general of 
little consequence. All those causes which are at present 
In action to produce changes upon the surface of the earth, 

In some of the caves^ does all the earth appear to hav$- 
been formed of animal m<jtter ? Have human bones been 
founa in caves ? What idea does their sUuation inducet 
Have human remains been faumd in diluvial gravdf 
At what depth? Have the remains of man been f mad 
imbedded in rock ? In what kind of rock 7 In whai d§' 
jtosits only do we find the remains of the human raceT 

Is it always easy to distinguish between the olhrnd 
€md diluvial deposits? 



ALLUVIAL DEPOeirti. W 

Inch as the transport of materials by torretatci, Taiii% 
titreams^ tides, currents in the ocean, winds and the labors 
of animals, as shell fish, and corals, in elevating banks 
and reefs in the ocean : and of vegetables, as in peat- 
bogre; are classed as alluvial; while all those materials 
wmch have been transported to situations where the wa^ 
ten, under existing causes, cannot reach them, the scoop- 
ing out of some vallies, and uncapping of some mountains, 
are referred to diluvial agency. Torrents often remove 
masses of rock, of many tons weight, to considerable dis- 
tances ; tear up trees, and bury them under deep masses 
of rocks, pebbles, gravel and sand. Rains* wash off the 
loose materials on the hills : some of this is carried into 
the larger stieams ; and these, when the waters are high, 
wear away the banks in some places^ and deposit the ma* 
terials in others. . Thus there is a constant teiidencv to 
levelling the country, wear down its ineonalities, and de- 
poHt the materials in the sea. The maidng of land, by 
the deposit of materials thus brought down b}^ rivers, is 
well known, and illustrated by the Mindssippi, Ganges^ 
and many others. The mouths of the Mississippi are 
more than 100 miles fVom its original entrance into the 
Gulf of Mexico, and for many hundreds of miles .above, 
all the land seen from its banks, with the exception of now 
and then a sand or clay h\uS, is alluvial. The alluvial 
deposits projecting into the sea, and deposited by rivers, 
arecallea dktcts, as the delta of the Nile, of the Ganges^ 
of the Mississippi, Rhone, Po, Volga, and the Danube. 
The delta of the Ganges commences 220 miles in a di- 
rect line htHn the ocean. 



ffhat are the causes of alluvial deposits? How do 
you distinguish diluvial from alluvial deposits 7 What 
is the eonstani tendency of the rains and streams ? Do 
rivers ever deposit their materials in the sea 1 Are the 
munUhs of the Mississippi far from the original en- 
trainee of the river to the Guff of Mexico? Are the 
other aUuvial deposits of the Mississippi extensive? 
What are dt^iasi What ddtas are remarkable J How 
far does the delta of the Oanges commence from the 
ocean? • 
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Adria, which was once a port on the Adriatic set, ii 
Qow 20 miles inland. The waters of the Gange8| aiid Mii- 
eissippi, are so turbid, when in flood} as to give aboat one 
quarter their volumes of sediment. 

Rivers which project their deltas into the sea, have |{8- 
neraily a tendency to raise their beds in the lower part of 
their course, by the partial deposit of the materiab broaflht 
<lown. This is more particularly the case witk the r^ 
which is prevented from overflowing the coontry by d^rko. 
The bed of that river has risen so much as to be higher 
than the tops of the houses of Ferrara. In HoUaod, the 
same phenomena is observed, but not on so lypreat a scala 
The rivers, in fact, run in a canal on the top of a hiU. 
Since the Mississippi has been dyked, the same e&ctmay 
be perceived, but to a small extent. When sailiog aloqg 
the Mississippi, during high water, you appear to be abofe 
the surrounding country ; the dykes appear to be only two 
or three feet high, but on landing, you observe that they 
are much higher on the land, than on the river side. The 
reason is, that the space between the dyke and the river, 
has been raised by deposits from the river, to a heidit 
equal to the difference of levd between the land on the 
different sides of the dyke ; and the bed of the stream 
tises in the same proportion as the beuiks. 

The transposing power of tides and currents in the b* 
cean, must be taken into consideration, as connected with 
alluvial deposits. Much of the matter brought down by 
rivers, is borne away by tidal currents. These currenti 
ftcting on the shore, in connection with the wave& reooffe 
materials from one situation, and deposit them in anolh* 
er. When the materials are of a loose nature, like nnd, 

Howfar is the ancient port of Jldriafrom fhsaea^ 
Are the waters of any rivers very turbid 7 What cunts 
are 'particularly so ? What tendency heme rivers iMck 
project deltas into the sea? What river parikudark 
illustrates this fact 7 Is Vie same effect observed in dt 
er places 7 Does the Mississippi shew Me in an^ it 
gree 1 Do the tides and currents of the ocean trantferi 
alluvion ? Are head lands washed rtqiidly awa^ fiyitf ' 
action of the waves and currents? • 
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iav, or toft rock, the wearing away of the l^ead-leiodfls ^* 
pnuDflt wbich the currents beat, is veiy rapid, but if peb* 
Blee, or other hard materblff be contained in the banks, 
Lbe lighter or softer materials are removed, and the hard 
Hoes gradoallv form a slope, which protects the shore in a 
great degree from further action. 

The action of wind in transporting materials from one 
shoation to another, is more important than one would be 
tod to ima^ne, without a knowledge of facts. 

** Extensive tracts of cultivated ground are sometimes 
DODverted into sandy deserts, by the drifting of the sea- 
nnd inland. The process by which this is e£Scted, is tak- 
ing place in many situations. During high winds, the 
nlid is driven from the sea-shore to a certain distance^ 
loEiving an elevated ridce at the further boundary of the 
drift Succeeding winds blow the sand frowards, and at 
the same time, bnng fresh sand from the shore to supply 
its place. Trees, houses, and even villages, have been 
rorronnded and covered with sand, in some parts of Ire- 
land and England, within the last century." Instances 
of these encroachments may be seen on many parts of our 
own coast. A particular instance of a light-nouse, on the 
Doast of Virginia, being partly covered, and the bauk pro- 
gressing into the country, with a steep front of twenty or 
thirty feet, burying trees and every thing dse in its course, 
is described in the American Philosophical Transactions, 
and is well worth the attention of the curious reader. It 
is well known that a considerable portk)n of E^pt is bu- 
ried by the sands drifted upK)n it, and that the Red Sea is 
In many places rendered ouite shoal by coral reefs, and by 
the sand drifted into it. The sand-storms of the deserts, 
have often been described. During thft expedition of Gen. 

What serves finally to protect them from further ac- 
fiofi ? Is wind ever an agent in transporting alluvial 
matter f What are the effects producea hy the drifting 
rf sand? How is the process effected on the sea shore 7 
Are houses^ or villages, ever hfiSried 7 What is said of 
the light house in Virginia? What is said of Egypt, 
tmd of the Bed 8ed7 What is mwi of ihe petrified 
forest 7 
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Atkinson to the Yellow Stone River, in 1825, a fonit (t 
petrified trees was observed, standing etect, bat withtbeir 
Bmailer limbs broken ofL, and scattered on the aeuidy dei» 
ert beneath them. They had probably been oriffumUy 
covered by sand, drifted over them either by wind or fa^ 
water, and remained thus lon^ enough to become petrifr 
ed. The loose sand appears afterwards to have been drilt- 
ed away by the windi leaving them monuments of the 
.changes of the eacth's surface. 

Shoals often become sensibly more shallow, hy the eom- 
bined effects of jihell-fish, and other marine animals, living, 
growing, and afterwards leaving their remains, as a Inum 
for other J to live and die upon successively. Coral reefa 
are produced in such abundance in some parts of the I^ 
cific and Indian oceans, as to obstruct the navigation, aK 
though the animals employed in building them are 'so 
small as to be hardly visible to the naked eye. 

Peat is a substance generally classed with alluvial 
floils, although it is a vegetable production. Peat meadr 
ows generally exhibit a wet, spi)ogy surface, and when 
capable of supporting much weight, its surface will shake 
and tremble for some distance around, by walking or juai|>- 
ing upon it* Good peat cuts easily and clear with tka 
epade ; but if it resists the spade with a degree of elastici* 
ty, it is found to be less compact when dry, and of an in* 
ferior quality. The best kinds burn with a clear flame, 
leaving light colored ashes ; but the poorer kinds often e* 
mit a disagreeable smell, and leave a heavy, red-cdorej 
ash. " The process by which the mosses are converted 
into peat, is clearly seen in one of them, (the spagnum pa- 
lustre.) As the lower extremity of the plant dies, the 
upper sends forth fresh roots, like most of the mosses, the 

What explanation is offered of this phenomenonl 
What is ^ai4 of shoals? Are ayral reefs common? Bow 
large are the animals UuU build these reefs f JVkai it 
peai? What is the appearance of peal meajd4nD9? If 
you walk or jump on them^ wJuil is observed ? Wkal 
are the characters of ffood peatf Haw can you disHm 
firuish the good from that of inferior quality T EapfHaki 
fhe formation ^ peat. 
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dividual thus in a maimer becominfj^ immortal, and aop^ 
yiog a perpetual fund of decomfxxdng vegetable matter^ 
similar process, though lew distinct, takes place in ma-. 
r of the rushes and grasses, the ancient roots dying, to^ 
ither with the older leaves, while an annual renovatioQ 
both, perpetuates the ej^istence of the plant. Where 
e living plant is still in contact with peat, the roots of 
e rushes and ligneous vegetables are found vacillating 
tween life and death, in a spongy, half decomposed 
9BS. Lower down, the pulverized carbonaceous matter 
seen mixed with similar fibres, still resisting decompo- 
ion. These gradually disappear, and at length, a fin^ 
powdered substance alone is found ; the process bemg 
mpleted by the total destruction of all organized bo-. 
M." " The best peat is that of which the decomposi- 
m is most complete, and the specific gravity and coin^ 
x;tae^ the greatest.'' — BakeweWs Geoioi^, 



er 



CHAP, xn. 

Trap rocks. 



All the REGULAR classes of rocks have now been con^ 
lered ; that is, all the rocks that are superposed one a-K 
ve the other, in a regular order of superposition. U 
ust not, however, be iolerred, that the rocks are all pre- 
nt in every situation. Some of ihem are absent from 
most every locality : but where twoior more of them oo- 
ir together, they are laid over each other in the order in 
hich they have been described. For instance, the coal 
rmation, wherever it is found, lie^ above the primitive 
cks, and if the transition rocks be present, it lies abovo 

Are all the classes of rock present in every locality t 
'^here any two of Uiem occur toff ether, how are they 
id upon each other ? For instance, is the coal format 
m £ver found beffno primitive rocks ? 
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them also* If the traneitioa roeln be afaient, the coal for- 
mation rests on the primitive rocks, as is the case inth the 
coal near Richmona in Virginia. 

Diluvial and alluvial deponts often rest on the primitive 
rocks, all the other classes being absent ; but these depos- 
its are never found under the transition, secondary, or tef' 
tiarv rocks. 

Two more classes of rocks remain to be described, wlifeh 
have no re/s^tar situation in connection with the other 
rocks, but are distributed in beds and masses indiscrimio* 
ately among them. They are called Trap and wlatnk 



rocks. 




IVap rocks are mostly composed either of honibleiide 
and feldspar, or augite and feldspar. '* These rocla al' 
though they sometimes occur imbedded in the conformable 
rock^ more frequently cover them in an unconformable po- 
eitioD, composing thick,jjnstratified beds, and often moun- 
tain masses of vast size, which 
have, not unfrequently, a colum- 
nar structure," and present per- 
pendicular cliffe of several hun- 
dred feet in height. 
In the sketch, columnar trap 
is represented as resting unconformably, on inclined strata. 
A dyke of the same kind of rock is shewn, cutting through 
the other rocks, and a bed connected with the dyke lying 
between, and separating them. " It is obvious that these 
unconformable rocks were formed and deposited at a sub- 
sequent period to that in which the lower rocks were con- 
solidated, and their beds had acquired their present inclin- 
ed positions," 

Is it ever found lyinff upcni primitive rocks ? Do the 
alluvial and diluvial deposits ever rest directly %mon the 
primitive rocks ? Are these deposits ever found under 
the secondary, transition, or tertiary rocks ? Of what 
are trap rocks mostly composed f Do these rocks reif 
conformaUy upon the others ? What structure do tkm 
rocks often have ? Does trap ever occur imbedded etm- 
formably in other rocks ? At uihat period were them 
rocks deposited 7 



rni Irnp is ileriveil from tlie SwcJIfIi n-orj trap- 
r, because Iheee tocka olten ilividc into regular 
imtiling ilie steps ol n siiilr. Tlicve rock?, com- 
el<lF|mr nml lioriiblcDiie, or d~ hopMi-nite old 
'e called (greenstone. Rieiiitie greensione, bnailt, 
, pitchBiotie, ninj-ganloid, wnolie niiil porphjry. 
:oiielaet«eiitiHll;^uuin[inBeilDf reldBparnnd honi' 
the Biflte of Rrains or small cryslulB, the propor- 
ing, but the iiuniblende jzencritlly preiJominatta. 
» Eire »nmeUiiiea«sinnlT thai the diliiireal min- 
mt be rli^tiiifiiiiRbed froin encli cither. The rock 
! iinitii; from ita being rrequently of a RreerjiBh 
;ciiitly when nioiElcneil. When fine grained it 
cxliihila B rolumnor etcucture, aa in the linet 
; rtifkB near New Haven, and the Pnlieades on 
on riier, mid Moant Holyoke, near Norihamp- 
. Gi'eensione in Breiiilic when it \e coarae grain- 
becomes sii'nitf when feldspar predoininalea. 
a coniptiut, homadanuuij nui?8 of r.ifk compute.! 
ir ami hdniMetide or nugite. It baa li jtreeniih 
Bh lilnck color, and ib very toiigh or difficutt Id 
t can be itnitched with the pcant of a knife. 
3 easily into a black or dark fp«en ginar, and !■ 
Iv used in Fraoee, for the maoufaclnre ofg\nm 
The iron contained in it, te, by expoaura to the 
farther oxidized, and caoees the yellowiah or 
red color that it mually presents on Its BorTace. 
salt is Blaty, or the TeldBpar predbmionln, it be- 
ikstone: ivhen earth>tiin its texture and mixed 
?n earth, it is eallbd wacke. Wh^ boinlt or 
mtain rounded cavities entirelj^ or partly Stlti 
r minerals tbey form Bibygdaloid. Baeut'tMgt- 

what u the lem tna) litrixedt Deaeriht 
i£. DoeiiteMrituuaeailumnaratnicturef 
lat/ thu be ob$erwdr Daer^ baaalt. fV 
Cutedf What aangtia obterved in'ittMp- 
: TBhtH hw exmmed To the utoCkerl W)(if A 
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neraUy columnar io iUi form, bat ■oraetimei w sanfh 
large tabular, or in fjrlobularmBMei. The ffODerai a«peel 
of the trap rooks where they form large maaws, ii mieh 
as ai ooee to attract the attentioa of Uie traveler. The 
porphyry aod basalt on the Andes, says Huroboldti '^aie 
arrangisd in regular columos, which strike the eye of the 
traveler like immense castles lifted into the skjr." " Were 
it allowed to express a geolo^cal fact in familiar termi^ 
it might be Raid that all the members of the trap family 
give indications of a firey character, and of havini^ been 
troublesome neighbors to the adjacent rocks, disturbing 
them and even changing their nature, wlien Ihey aie 
closely associateJ. Besides occurring in overlying uncon« 
formable mosses, all trap rocks, with porphyry, which may 
be placed at their head, are occasionally found intersecting 
other rocks like vertical walls." Walls and dykes am 
synonymous in some parts of England, from which these 
veins of trap rocks take their name. The substance of 
dykes is generally basalt. Dykes have been very much 
studied, on account of their cutting through the coal fields 
i n various directions, and cnusinc: great derangement Id 
the positions of the strata. This derangement has been 
referred to in the chapter on Stratification. Dykes vary in 
thickness from a few inches to several hundred feet. "The 
extent to which they stretch across a country has seldom 
been explored beyond the mining districts, where a knowl- 
edge of them is important, on account of the disturbances 
which tiiey occasion in the strata." " The strata are al- 
most always thrown down on one side of a dyke, and ele- 
vated on the other, but the dislocation is not proportioned 
to its breadth." " Trap dykes are generally harder than 
the rocks that they intersect; and when the latter are 
partially decomposed, often remain, forming vsist walls of 
stone that rise above the surface of the ground." Walk 
of this kind extend for miles along the country in sooit 

Whai is ihetcenerdl aspect {fihe trap rocket What 
issaidof the pmrphyrtf and basalt of the Andet? HTbof 
is the efect of trap dykes on the strata? Do ftosolffa 
dykes ever appear above the surface (f the earthl Ar9 
these natural waUs of any great oaeteni 1 
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if Esglaud. Tbaf extend Iiit0 tbe lea, kmtog 
f roclM, and aeroM riven^ nuddoffftlkor ftrilk 
atomL wall! of North Garolioft arabatthic dyka^ 
. of oolaomar or prwmatie miWM fitting elme tb 

each^rther, and Jying with their 
lengths acRNM the wall, and 
flhewing their ends on ita mdes, 
tm represented in the sketch. 

When these walls were firet 
observed, they were supposed to 
6cial constructions, from the regularity of form d* 
>arate pieces. <* Dykes being impenrious to water, 
)struct its passage abng the porous strata, and oc- 
it to rise ; hence it frequently happens that numer- 
ings make their appearance along the counse of a 
»y which it may be detected when there is no other 
ion of it visible upon the surface." 
effects of basaltic dykes on the different rocks 
h which they pass, are wwthy of rMnttrk. There 
basaltic dyke in England that Has been traced 70 
and intersects vcu^ioua otrata of rocks of different 
Where it is in oootact with transition limestone, 
ter is more crystalline, a fact of geological impor- 
" Wiiere it crosses the coal strata and comes in 
: with the seams of coal, tbe substance of the coal 
>ral feet is converted into soot. At a greater d'uh 
irom the basalt, the coal is reduced to a coke or cin- 
bich burns without smoke, and with a clear and 
i heat At the distance of fifty feet from the dyke, 
.1 is found in its natural unaltered state. It is par- 
ly remarkable, that the roof immediately above the 
covered with bright crystals of sulphur. Dykes, 

e they been observed in the UnUedSkUet? By 
ippearance on the eurface may dykes be recogm- 
ken they arenot vieibU? What are (he^ecUof 
3at basaiUc dyke (f England^ upon the tramitum 
and vponihe coal through fMch it fxitseef What 
^^ are attached to Ike rotff What are the ^ede 
lUic dykes on chtikf shate and sandHtmes^ ishm 
tersect them 9 
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when tbey eut through chdkj eonveii it iiit» a hiffhhr 
cratallte ,Uai6Mbn» ' wheM" thwd =10^ 
Sfial&w elMiiijf|0i40« fliiiqfiilui«,=aiid MukbloiiaibteiiM- 
oCm brick iBd eokNT." 

It;inay be well tomeDuon ■ome experimenti that ha?e 
been nam, which serve, income degree, to ducidate the 
prbbable modeui formatkm of the tief> rocki. 

"All trap fockc are fucible, * and meet of Aem Acpn a 
blackish greeaglaw after mehing: hence it WMinftmd* 
that trap lockc had nev^ been in a stateof fonoi^ ibr if 
they bad they wonld have been rendered vitreous^t Sir 
Jamec Hall, however,, reflecting on tbe very lonff period 
of refrigeration t that vast mafses of melted rock wodd 
neceaaarily reljfaire before they were cooled to the commoa 
temperature of the earth, was induced to make experi- 
ments on lava and basalt; from which it was ascertained^ 
that if a small portion of liquid lava were suddenly cool* 
ed, it formed a black glass, as w^s well known to be the 
case with basalt ; but if the process of cooling were slow, 
both melted lava nnd basaltic became stone When the 
glass which had been formed by sudden cooling was mel- 
ted again, and suflfered to cool very gradually, it lost it* 
vitreous character, and was converted into a suhetance 
resembling basalt. Mr. Gregory Walt made some expe- 
riments on the fusion and refrigeration of basalt in one of 
his father's furnaces, which throws much additional light 
on the formation of the globular and columnar structure of 
basaltic rocks. He fused 700 lbs. ot the Dudley basalt 
called Rowley ragg, and kept it in the furnace several 
days after the fire was reduced. It melted into a dark 
colored glass, with ksss heat than was necessary to melt 
the same quantity of pig iron. In this glass, small glo- 
bules were formed which aflerwards disappeared ; and as 



What experiments have been made which tend to elu- 
cidate the formaiion of trap rocks ? 

* Bpdief an laid to be/kMt&Je, when they can be irielted* * 
rBodiea are laU to be tUrtmu, when they break with Muoolk 
laHkecrlike [tlAiW 
tBafirigenttlon metnr the tmt^g ofa body.' 
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.«cl . iijUiiD tbe ilOQy ,wmm. whicK .fontiDued to- enhnte 
.antil theiriidci taoched and pra«ied aimiast cacholheg^Dy 
•wfakh pRMMiia tha ftlobwKNrroeiAfiMy|{iinftL^priiint^ 
If pari of the niaH were eooled beme the gMHuar itnio- 
tore wai deitioyady theae giobei were harder tlttui the 
•urroQDdiDg iCone, and broke in ooncenUie iayem* In this 
. inanaer the ball* of bank and porphyry whjohrfalloutof 
decompoiliiijf rucki were probably formed: thiv derived 
their laperior haninew from the rryetaUtue arrangement 
of the paitieleri -.vhen in a roeUed state. Wfaen these 
global were enlarged by a continuation of the same pro- 
t^sB, they mi^ht press apon each other and fi>rm prisms. 
The oflier prisma pressing by their weight upon -^^ 
the lowM^ might form conraviiies, or soekets, into 
-which they would sink and remain jointed, or ar- 
ticulated together : such is frequently l3ie stinic- • 
turn of basaltic ^ alamos," thuf. — 

'' Another experiment made by Sir Jas. HaM, 
cm the crystalljASktion )f common limestone by 
heal, and its coftversion into marble, tends to elucidate the 
effects produced by basaltic rocks on limestone and chalk, 
before mentioned. Dr. Button had advanced the opinion, 
that the beds of limestone were formed of the shells and 
exuvi® of marine animals, which had been melted by 
oeotral fire, and crystallized." **It was, however, objeo- 
njbd to this theory, that the well known action -of fire on 
limestone rocks would expel the carbonic acid, and make 
tliem soft and pulverulent, as we see in making lime from 
limestone. This objectu>n was answered, by saying, that 
4he8e beds of shells, &c were heated under the pressure 
of the ocean winch for so long time covered the land, and 
that this pressure wouM prevent the escape of the carbo- 
nic acid, and render the limestone fusible. This was re- 

-* A |>olyson Is a figtirs bsTisg sevsrsl sides: for imtsnei^ a 
isquars is apvlyfon or foar lidss. . , 

t A'prism is « soikl bsdy ba?inf ssveral sides, tnd oTsqinlsISs 
fron one end to the other : for iostanes, tfie tMBias sad ^ofts of 
boildiiigs are foar-skled prissM. A prism sugr Imts say svmber 
of iMetabofsMttss. 
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Srded as mere hypothcMs for some time, but Sir James 
ill determined to try its validity by experifflema." HkT* 
in$t calculated the resittance which, a colomti of water, 
1000 ieet, or any gyren depth, woold present to the escape 
of the caroonic acid of the limestone, he inclosed a qoan- 
tity of powdered chalk in a ^nbarrel, and confined it in 
such a manner as to present an equal degree of resistance. 
He subjected the powdered chalk, thus confined, for some 
time to the action of a furnace ; it was then arawn ont 
and cooled, and was found converted into crystal line lime- 
stone or marble; and in one instance where the chalk in- 
closed a shell, the shell had acquired a«rystalline texture 
without loosing its form. Hence, when chalk or limestone 
is fi>und to have a crjrstaliine texture in contact with trap 
rocks, we may, with a high degree of probability, infer 
that the limestone had been fused by the trapjp *^ The 
constant occurrence of dykes in basaltic district, gives a 
high degree of probability to the opinion, that overlyinj? 
unconformJible trap rocks have been erupted in a meitM 
state like lava» and poured over the surface of the ground." 
Basaltic columns are frequently seen in countries that are 
the seat of volcanic fires, but they occdr also in couniriea 
remote from any known volcanos. Organic remains are 
sometimes found enveloped in basalt, but this admits of 
an easy explanation, by supposing the basalt to have flow- 
ed like lava on the bottom of the ocean, enclosing every 
thing with which it came in contact. A recapitulation d 
all the facts bearing upon the origin of the trap rocks, 
would afford a mass of evidence sufficient to convince the 
most scepticril, of their igneous origin. 

"The reason why geologists were so long opposed to 
the igneous origin of trap rocks, may partly be explained 
by attachment to received theories, and partly by the re- 
luctance to admit a condition of our planet, so remote from 
present experience. It was thought an ample claim on 

WhcU is supposed to hatce been the origin of the un- 
conformable of>erlying trap rocks? Are basaltic col- 
umns often fownd in volcanic districts? Are organic 
remains ever enclosed in basalt ? How is this fact ex^ 
plained 7 
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our craduliiy, when we were required to believe that ail 
tJie habitable parte of the globe had been for af^ aubroer- 
ged in the ocean, without requiring the further belief, 
that couotries now remote from active voicaooe, bad 
been repeatedly subject to the a^ncy of Bubterranean 
fire. Yet both these positions must be f^ranted, if we will 
allow a legitimate induction from established facts." - 

BakeiDcWs Geology. 



CHAP. XIII. 



EARTBaUAKES, VOLCANIC PHENOMENA AND VOLCANIC 

ROCKS. 

*^ Accustomed to view the hills in our own country in a 
state of profound repose, presenting the same unvaried 
outline in each succeeding year, we can scarcely conceive 
the possibility of a whole district bein^ covered with new 
mountains, and another soil, in the space of a single night: 
yet such changes have been produced, by the united a- 
gency of earthquakes and volcanoj^, within the limits of 
authentic history." 

Earthquakes and volcaros seem to be the effects of the 
same cause. They frequently accompany each other, 
and in all instances that have been observed, ihc first 
eruption of a volcano is preceded by an earthquake of 
greater or less extent. Volcanos (;o not make their ap- 
{>earancc in every country where the shock of an earth- 
quake is felt } but earthquakes are more frequent in vol- 
canic districts than in tiny other. Earthquakes are al- 

fVhat conclusions imist be drawn if we alloio a legit- 
imate induction froin established facts. Do earthquakes 
and volcanos ever acconijxiny each other ? and do they 
depend upon the same cause? In what districts do 
earthquakes most frequently occur? 



iBOBt uiwayt preceded by an uneomniQii agitation cTlte 
wateri of th» Mean, aud of lukeik Spiiiifni aeiid.'lHlll 
torrents of mad, accompaaied by a dimmeaDle vmell ; tf 
perhapf they duappear entirely. Cattle diicovcr mocb 
lilarin, and feem to be iiistincttvely aware of uppcoaolw^ 
calamity. A deep nirubliiiir noi^e like that of many cai* 
ria^^etf mliog over a rou^h pavement, a rtMhir^it Mond 
like the wind^ or a tremendous ezploskm like the diKharye 
of artillery, immediately precede the shock, which sod- 
denly heaves the (ground upwanis, or tones Inim side to 
sifie with violent and successive vibrations. 1'he ground 
often heaves in undulations like the waves of the ocean: 
large chasms and fissures are made in the flrround, throti^ 
Which smoke and flames nrc seen to iraue : these smne- 
times break out where no chasms can be perueived. More 
Irequeutiy, stones or torrents of water are ejected froni 
these opening* In violent earthquakes, tlia chasms are 
so extensive, that large cities have in a moment sunk 
down and forever disappeared, lesiving a lake of water in 
their place. Such was the fate of Euphemin in C^alnbria, 
in 1633, as described hy Kircher, who was appro:ichinjl| 
the place, when the affitation of the ocean oblif^ed him to 
land at Lopizicuni. *^ Here, (stiys ho,) scenes of rain 
every where appeared around nie ; bin my attention vras 
quickly turned from remote to more coiitij^uons dnn^, 
by a deep rumbling sound which every moment greir 
louder. The place where we stood sl'ook most dreadfut- 
iy : afler some time, the violent paroxvsm ccasiujr, I stood 
np, and turning my eyep to look for Kuphemia, saw only 
a IVighlful black cloud. We waited till it had passed a- 
tvay, when nothinir hat n di^iintal and putrid lake was to 
bo seen where the city onr.e stood." 

A shock rarely lasts more than a minute, but often there 
is a succession of shocks, with intervals of^some duraUon. 

" The extent to which earthquakes produce sensible ^ 

What are eat'thquakes almost always preceded h$f 
MHiat noise is perceived before an earthquake f How is 
thestrtmnd affected ? Are the chasms produced bjf earlk- 
quakes ever very extensive 7 Bow ton^ do the thodts 
continue T Do they ever rapidly succeal each tiher 7 



ecu on the ^vatere nnil ipringg in Uiitant parts of the 
iinorld, if trtily remarkable. During the earthquake of 
Lisbon, in 1756, almost all the uprin^ and lakes in Eng- 
land, and every part of Europe, were violently agiUited, 
many of them throwing up mud and sand, and emittini; 
a lerid odor. On the morning of the earthquuke, the hot 
springs of Toplitz in Bohemia, suddenly ceased to flow lor 
a minute, and then burst lorth with prodigious violence^ 
throwing up turbid water, the temperature uf which was 
higher than befone, and is f^aiii to have continued bo ever 
since. The hot baths at Bristol, England, were colored 
red, and rendered unfit for use, for some time al\crwiird* 
The waters of Lake Ontario were violently agitated at 
the same time." 

The space over which the vibration of the earth is felt 
during eartliQuakes, is oiten very great, but generally 
more extended in one direction than another ; "and where 
a succession of earthquakes has taken place in the same 
districts, it la observed, that the noise and shock approach 
from the same quarter." Although earthquakes are moj-e 
common in volcanic districisthan in others, yet the shocks 
Arc not the most violent in the vicinity of volcano?. And, 
Tm the contrary, they are stroiiL'cr in the more disuuii 
part of a volt-anic countr}'. The ground, L^cncrally, is 
agitated with greater force, a^; the surface has a smaller 
number of apertures communicating with the interior. — 
Extensive eartlKjuakes are sometimes attended by volca- 
nic action simultaneously in various parts of the earth, 
which seems to indicate a cause deep seated, and of such 
B nature as to be capable of transmitting tl\e vibrations 
and pressure, from one portion of the earth to another with 
great rapidity. 

" The frequency of earthquakes at particular periods, 
is worthy of notice. In the 4th and 9th centuries, some off 
the most civilized parts of the world were almocit desolat- 
ed by these awful visitations. Thrace, Asia Minor and 

Are arthquakea ever felt over extensive portions qftfts 
globe ? Are the shocks as violent in volcanic districts 
as in others 1 Have earthquakes been more frequeni 
at particular periods than cU others 7 



Syria, according to cotemporiiry hiBtorisna, pulTen 
severely: the enrtli was ngitaied continually (or 1 
rio(<«, and UamCB were teen to burst Ibitli rmm th 
over a vast e:(lenl of etirrace. On tlie 26Ui of Ji 
A. D. 447, Buhterraiie'^in (liurnlerg were heai'd fr 
Dlacli to tiie Red Sea, and tlie earth was convulse 
«ut iiitErmiEsJoa Tor the np&ce ol eis months: in 
places Iheairaeemed tobeonflre — townannd larjt 
of sroand were swolloived up in Phrygia. On il 
of May, A. D. 520, Iho city of Anttoch waa overtui 
IL dreadfd earthquake, and 250,000 of its inhabits 
eaid to have been crushed in its ruina. A rtigii^ 
VBred llie ground uii wliicli the city tvasbuilljaitd . 
trict araiind, spreading over an extent of foriy-twi 
111 dinmoler, and a soriiice of I40U sqaare mifes." 
" Ahout llie middle oC the IqeE ceiitury, after the 
([OHke at Lisbon, in 1755, Europe, Africa und Ai 
were for some time repealt'dly ogilatcd by subtet 
explosions. Mouut .^tna, which had been in a.i 
liroloiiiid repose for eighty years, brolteout utth f;i 
livily; and, according to Humboldt, some of ih 
tCfRifndoue earthquakes and volcanic eruptiotia c 
c orded in hiBtorV. were witpeEsed i[i Mexico. In th 
"j 1759, a vaet volcano br> 
in Mexico. A tract of 
^^„„,jd up liliB a bladder to a 

. A oontre iua thauennd burninf 

4x tarjie mtiHeB derated theowelvea, Aiming hil 
then laOO feet irtlMlght. The most elevated of tli 
TOOantaiDB ii IMS tttt hiafa, and is known as the, i 
ofJbmllo.* . 

'During an airlliquika In lEU, 100 mitc> in length ef 
^eetMi of Chili, la Savfli Atotrlci, wii nit«l IVom 3 to i 
*bo>elti former lartl. Tbs whole ipkc* rromthaMa to Uh 
t«lMiM*rabed, Mil (ha ialerlot more than thaeoatl. T 
etldeoMaot Ita t*Tlw ban nieeeiunlr raited, at diHan 
otfi belbre tbaDM Iwt tMDtioned, Tba t<mple of Sara 
etinnallf tHukiiMriharM-ihor«. Dnrini ao etnhquaki 
MUMHMtftMtllMbitei of Uwe^nna tra> undtt 
B — cwd l en Mdkqaakaa lian nlMd It, m Ibtl the pari 
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" More recently Tin 1812) the tremendous earthquakes 
h) Caraceas were followed by an eruption in the Island of 
St Vincents, from a volcano that had not been burning 
dnce the year 1718, and violent oecillations of the ground 
were felt, both in the islands and on the coasts of Ameri- 
ca." It was at this time that earthquakes were so vio- 
lent in the valley of the Mississippi. 

" In very violent earthquakes, the secondary strata are 
broken or agitated, but proofs are not wantinpf of lesser 
Vibrations bein<j stopped by their pressure. Hunjboldt 
eskys, he has seen workmen hasten from the mines of Ma- 
rienburg in Saxony, alarmed by agitations of the earth 
that were not felt at the surface. During the earthquake 
of Lisbon, the miners in Derbyshire felt the rocks move 
nnd heard noises which were scarcely perceived by those 
above. That an expansive force acting from beiieath is 
the proximate cause of earthquakes, can scarcely be de- 
nied ; and Ihc prodigious power of steam, when suddenly 
generated, seems equal to their production, if the quantity 
be sufficiently great. The great power of steam at higlv 
temperatures is well known, and there can be no difficulty 
in admitting, that, if a current of subterranean water wer« 
to find acce?s to a mass of lava many miles in extent, and 
most intensely heated, it would produce an earthquake 
more or less violent, in proportion to the quantity of steam 
generated, and its distance from the surface." Coal mines 
are sometimes blown up in consequence of the mixture of 
carbureted hydrogen gas and air, coming in contact with 
the miner's lamp. Hundreds of lives are thus sometimes. 
destroyed by a single explosion, the mine becoming an 
immense piece of artillery, and every object in and near 
the shaft is thrown out with prodigious violence. The 
force of the explosion is so great as to shake the ground 
like an earthquake for miles around. The miner will al- 

In violent earthqiuihes^ are the strata ever broken ? 
Are shocks ever perceived belom the surface that are not 
fidt by those on the surface 7 What is supposed to 'pro- 
duce earthquakes f What effects are produced by the 
explosion of coal mines ? Who was the inventor ofth4 
safely lamp ? 
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wavs feel ^mletul to Sir Humphrey Davy, the inveniar | 
'of the safety hiuip. This is a lump covered by a frame i^ 
■of wire g^iuze, throu^li which the name cannot conimn- [ 
Dicatc, so as to explode the f^as on its exterior. The mi- ' 
ncr caji now penetrate a work in the mine, where, before, ' 
tt would have been certain death to approach. 

.** The horrid crush, like the nittliuf^ of carriages, which 
precedes earthquakes, majr be occasioned by the rending 
'of the rock>>, or parting ot the strata, tlirou|?h which the 
confined vapor is working a passage." That the rising 
and falling ot the earth during earthquakes is not imagi- 
nary, is deniOMstiatcd by the facts ob:*ervcd on the sea- 
sliore. The water is often seen to recede far from the 
shore and then return with redoubled violence. This el* 
feet is produced by tiie rising of the earth, which causes 
the waters to flow otf, and on its inking again, they, re- 
ctum in high, ridgy, overwhelming waves. When Lisbon 
was destroyed, the return wave was filty feet in lieight. 

" Volcatios are openings made in the earth^s surface 
by internal fires: llicy reirularly, or at intervals, throw 
i>at smoke, vapor, flauic, large stones, sand, and melted 
sioiie called lava. Some volcanos throw out torrents of 
iiuii) and boiling water. Volcanos most frequently exut 
in tlie vicinity of the Bea or large lakes, and also break 
out from unfathomable depths below the surface, and form 
new islands and reefs of rock. When a volcano breaks 
out in a new situation, it is preceded by violent eartbr 
quakes, the heated surface of tne ground frequently swdls 
and heaves up, until a fissure or rent is formed, sometimes 
of vast extent. Through this opening, masses of rock, 
with flame, smoke and lava, are tnrown out and choke up 
part of the passage and confine the eruption to one or more 
apertures, round which conical hills or mountjedns are fiN> 



Wfiat is the safety lampl JVhat is its use7 WuEi 
^causes the crackings rumbling noise tntfore earthquakes? 
Wftai evidence have we that the earth actually rises and 
falls during an earthquake! What are volcanos 1 What 
do they ejects How are most volcanos loctUed in rd(^ 
4ion to the sea? £^ icKat ia votccnvic octiou ^^eodiedl 



BARTHttUAKDi, &C. 03 

aeJ« The concavity in the centre is called the crater'*' 
ind is shaped like a bowl or funnel, shelving steeply dowr» 
rdtaa the ed^ to the bottom. " The indications of an np- 
)roachimi^ eraption from a dormant volcano, are, an in- 
:riease ofsmoke from the summit, which sometimes rises 
a vast height branching in the form of a pine tree. — 
Premendovis explosions, like the firinj? of artillery, com- 
nencc after the increase of smoke, and are succeeded by 
ed colored flames * and showers of stones. At length, 
he lava fbws out from the top of the crater, or breaks out 
rom fissures in the sides of the mountain, and covers the 
leighborin^ plains wiih melted matter, which, becoming 
onaolidated, forms a stony mass, of^en not less than aomc 
lundred square miles in extent, and several yards in thick- 
tess. The eruption of lava has been known to continue 
everal months. Intensely black clouds, composed of a 
ind of dark colored sand or powder, improperly called 
.shes, are thrown out of the crater after the lava ceases 
flow, and sometimes involve the purrounding country 
n total darkness at noonday. Towards the conclusion, tho* 
olor of the volcanic- sand chanfrcs to white : it consists of 
mmice in a finely corajninuted state." Dnrirrr an crup- 
ion of iEtna, a f^pace of 150 miles in cir.rirt was covered 
vkh a layer of volcanic sand 12 feet deep, " When 
he lava flows fiecly, the earthquakes and explosions bo- 
ome less violent ; which proves that they were occasion- 
id by the confincniont of uic erupted matter, both gaseous- 
ind solid. The smoke and vapor of volcanos arc hiirhly 
ilectrical. The quantity of lava tlirov.-n out duriiig a 
ingle eruption of a volcano, scem^ almost inci edible to 
hose who have not observed Vdlcaiac countrici*. Kircljcr, 
n 1660, says, the ejections of Moni.t JEinw woul('. if col- 

IVhut is the cralcr of a rolcauo 7 IVhat arc the in- 
lications of an appvoachivfr ei'vption from a dorwaiU 
:olcano? IV/uU are the apr)earartces and rffectn of an 
^ruplion 7 h the qiumtity of ejected matter ever very 
Xreat 7 

*The flamo of volranoi>, as it has been called, is Tound to be the 
RETXECTioM OF LIGHT rroBi the lavu and heated maleri^V«s ^^ 
Judcudt qf 4¥*i and popart AfdUed during the eiu^X\i&^. 
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loeted, ibna a maii twenty timei ai laiipe ai the n 
itielf ; and a few yoan alterwardis ▼»• la 1069^ the ipuM 
moantain coveiea with a fresh current of lava 84 imp , 
miles; and a^jain, in 1775, aceordinfif to Dokmueijii u| 
same volcano poured out another Btieam of lava 12 niufi 
in length. H in breadth, and 200 feet deep." Hence it k' 
evident, that the seat of the fire is not in the moQntaini^ 
self, but deep in the earth : the volcano is not the fomac^ 
but the chimney ; and it will be necessary to bear this ijB 
mind, if we would form an adequate idea of the eztensivB 
effects of volcanic action. Dunn^ the eruption of SkapCa 
Jokul in Iceland, in 1783, two immense lava cumm 
were dischar^ired, one 40, the other 50 miles in leQgth, 
averaging 11 miles in breadth, and 50 feet in thickness 

^ The most extraordinary volcanic eruption recordilin 
history, for the extent of its effects, took place in Snmbar 
wa, one of the MolCicca Islands, in April. 1815. Thii 
eruption extended perceptible evidences or its existeooe 
over the whole of the Molucca Islands, over Java, a coo* 
siderable portion of Celebes, Sumatra and Borneo^ to a 
a jclfcumference of a thousand statute miles from ite cen- 
tre, by tremulous motions and the report of explosions; 
while within the range of its more immediate activltji 
embracing a space of 300 miles around, it produced ths ' 
most BBtonishing effects, and excited the moe^ alarming 
apprehensions. In Java, at the distance of 300 milee^ it 
jeemed to be awfully present. The sky was overcast at 
noonday with clouds of ashes ; the sun was envelop^ in 
an atmosphere, whose palpable density be was unable tP 
penetrate ; showera of ashes covered the houses, the streets 
and the fields, to the depth of several inches ; and amid 
Uiis darkness, explosions were heard at intervals like ths 
report of artillery, or the noise of distant thunder. So 
fully did the resemblance of the noises to the report of 
eannon impress the minds of some officers, that from as 
apprehension of pirates on the coast, vessels were des- 
patched to af&rd relief. Superstition, on the other hand, 
was busy at work on the minds of the natives, and attri* 

h the voUanic maufUmn the Hat oftokanicfiref 
Aretheeaiploeiimeifvohemoeheardaigft'eaidiHemeeef 
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baled the reporti to an artillery of a difierent descriptioo 
to that of pirates. All conceived that the effects experi- 
enced might be caused by eruptions of some of the nu- 
meioos volcanoes oo the bland ; but no one could have 
eoojectured that the showers of ashes which darkened and 
covered the ground of the eastern districts of Java, could 
have proceeded from a mountain in Sumbawa, at the dis- 
tanee of several hundred miles." From Sumbawa to the 
part of Java where the sound was noticed, is 970 geogra- 
phical miles. The greatest distance to which tiie erup- 
tion of a volcano had been previously heard, is 600 miles ; 
tlie explosions of Cotopaxi are sometimes sensibly heard 
at that distance from the volcano, which is one of the larg- 
est and highest on the American continent. 

" The long period of repose which sometimes takes 
place between two eruptions of the same volcano, is par- 
ticularly remarkable. From the building of Rome to the 
t9thyearof the Christian era, no mention is made of Ve- 
suvius, though it had evidently been in a prior state of 
activity, as Herculaneum and Pompeii, which were de- 
stroyed by the eruption of that year, are paved with lava. 
From the 12th to the 16th century it remained quiet for 
nearly 400 years, and the crater was overgrown with lofty 
trees. The crater was descended by Bracchini, an Italian 
writer, prior to the great eruption of 1631 : the bottom 
waa at that time a vast plain, surrounded with caverns 
and grottos, ^tna has continued burning since the time 
of the poet Pindar, with occasional intervals of repose, 
seldom exceeding 30 or 40 years. 

Submarine volcanoes are preceded by a violent boiling 
end agitation of the water, and by the discharge of vol- 
umes of gas and vapor, which take fire and rolTin sheets 
of flame over the surface of the waves. Masses of rock 
fnre darted through the water with great violence, and ac- 
cumulate till they form new islands. Sometimes the cra- 
ter of the volcano rises out of the sea during an eruption. 
In 1789^ a submarine volcano broke out near Iceland, 

Do vokanoi ever remain dormant for any great 
hnfih ef time t By vhai are «ii6marine oofcanos pre- 
wud? Arevoleimkidani9ifimTa!MbiTnm^^0f^^Ra\ 
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which formed a new ialaiid: it rased forieveFal «nla 
with ffreat fury, aiidthen.fimk and dinppeapad* Imat- 
diately afler tlie volcanic iriandceaied itaaetionitbe^Kint - 
eruption of Slcopta Jokul tommeneed 20Q mileidihlmit 
In 181 ij a small iaiand was (brmed hy a sobmAriBe «b^ 
cano (It a little distance from St Michaei'srone of Um^A- 
zqreB." It has now sunk, and has 500 feet of water-efw 
it. In 18^1, a small volcanic island aupeared in the Mb^ 
diteranean Sea, exhibitin^if various volcanic pbeoooMna, 
'but it has since disappeared, leaving a shoal in its pislDei* 
The appearance of new volcanic islands above the oeean 
is not of rare occurrence : very many such events are le- 
corded in history. 

" If the sea, or large lakes, have once covered ooroon- 
tinentp, it follows, that the greater part of the present and 
ancient volcanos were once submarine." Many facts io" 
dicate that JEtna. was once a submarine volcano. 

^^ Volcanos frequently occur in groups, sometimes ar- 
ranjreJ alon^ a line aa if they had originally been ftnmed 
over one vast chasm. The volcanos in Sooth Amerea, 
Humboldt observes, instead of being isolated or disperMd 
in irregular groups, as in Europe, arc arranged in rom, 
hke the extinct volcanos of Auvergne, or the volcanofiof 
Java ; sometimes in on^ Ime, and sometimes in two pa^ 
allel lines." 

There are instancoa of volcanos having been entirely 
engulphed in the chasms beneath them. The volcano w 
the Pic in the Lsland of Timor, one of the Moluccas, is 
known to have served as a prodigious watch-light, which 
waf: seen at sea at the distance of SCO miles. In the year 
1038, the mountain, during a violent eruption, entirely 
disappeared, and in its place there is now a lake. Many 



Do any of the volcatws on the land appear to hate 
been once submarine 1 Do volcanos occur in grouptf 
How are they frequently arran^red? Have volcank 
mountains ever sunk into the earth under them ? 

* The shoal has now, in 1833, disappeared, and there is a 
tidtirablt depth of water where the shoal was* 
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flfv tha ctedar lakei in dM iooth of Italj an mppoMd to 
havebftfi fiMmed by the uikuaff down of vokanofc r 

Tha Fapandayang was fimnarly ooe of the largertr 
Tolaaimjo& the JUand of Java, but the graateat part ol it I 
immwmMmbd up in the earth alter ajfiort but very m*. 
wetXHnbiMlHm in 1713. TheaccoaDt of thti event Miyrt: 
"flear midnigfat, between the 11th and 12th of Aagart, 
thaee warn obnrved about the moantain an aneommonly 
laminooe elood, by which it Appeared to be oomfdetely 
enveloped. The inhabitanti^ as well aboat.thefiirt ae on 
tfas deciivitiei of the mountain, alarmed by thii appeiu-- 
anee, betook themselves to flight, but before they oould all 
save tbemnlves the mountain began to give wey, and 
the gieateit part of it actuaUyyelJ m and diBappeared in 
tha earth. At the same time a tremendous noise was 
heavd^ veaembiing the discharge of the heaviest cannon* 
It wae animated that an extent of groundof the moun- 
tun tol( and its immediate environs^ 15 miles kn^ and . 
fall 6 broad, was, by this commotion, swalk>wed up in the 
bowels of tha earth, and about 3Q00 people perished." 

The cause of the conical form so common to volcania 
mountains mtist be obvious to all, who are acquainted 
with the circumstances attending an eruption. When 
the expansion or pressure has rent the auperincumbenl 
rooks, the liquid lava boils up through the fissures that of- 
fer the least resistance, and as it approaches the surface,, 
discharges enormoas bubbles of elastic fluids, which pro- 
ject into the air phowera of red hot stoneis lava and rocks, 
lorn from the aides of the fissures through which 'they 
pass. This ejected matter falimg, aeeumulates annuid 
Lha opening in a circular bank) which continues to-inorease 
t>y the fresh addition of mateiials, until finally it forins a 
dill or mountain, with a deep cavity in its centre. Ubia 
Mivity, called the crater, is sometimes several miles io ax- 
cnt. Immense volumes of aqyeoiis vapors are evolved 
Vom the crater during an eruption, and even for a long 
' ■ ■■ ' f '. ■.'•..•'■■■'' u^am* 

Explain^ the came of the e&mceU form cfwiestnc- 
nonntains, Whai vapors are tnoH wmkkmiUy ecolMcf • 
'rbftrt^Mnot?' ■ . \.i.-.;. ...^*y\-u^,i. 

\ c - ■■'.;'i^V \ '■ . J*.i »■ a '' W*J. " ■.. '• • {% '^\.\\l^\ ■ 
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time aito thediflohai^ge of the Uva aad Moriaa hara eeif' 
ad. ThenvaporaarecoodamedintheooolatmoaplMnb' 
and heavy rains are produced. The lightaiiiif daile 4* 
midflt the doiidi, and the thunder peals as if in mocbory 
of the kwuier thanden of the volcano. The heavy mini 
fallipij^ on a surface thioklv oovered with the fine arfwe 
apd loose scoriae, sweep them akmg in a flood of mal 
aqd stonea; this often does more mischief than the hnraor 
eanlmuakei^ and sometimes covers a considerahle eaclHit 
of. eaS(xtry. This mud frequently concretes into a light 
kind of Mk which is much used in buildioff wide aiehe^ 
da afleoqnt ofits liffhtnesi and strength. The voleanos ia 
the Andes are said to throw out water and mud more fie* 
qoentlv than lava. The deluge of water does not alwajn 
come from the interior o< the earth, but sometimes fioa 
the snow on the summit of the mountain being lapidly 
dissolved. Interior cavities of vast extent and deptn aie 
sometimes opened during an eruption, and the water wilii 
which thev were-fiUed coming in contact with iffoiled le* 
va is forcibly driven out ; and« according to uumboU^ 
carries along with it a large quantity of small ftriieir- 
These fishes are of the same species that inhabit the neigii' 
boring brooks and lakes: the number thrown out isoltflB 
so irreat that their putrefaction contaminates the aiiv 
and occasions serious maladies among the iohaliitaDls 
of the adjacent country. 

The muddy eruptions of the Andes cover large tracts 
of country with a bituminous inilaramable material, which 
is used by the inhabitants ibr fuel. It is caMed mt^ftu 

Boiling and hot springs must be classed with volcanit 
phenomena. They are most common in volcanic distrida 
The Geysers of Iceland, which throw up hot water te a 
conaderable height in the air, are well known. 

Hot springs are common in some parts of Earope^ and 



Wkai^ecU are produced by the rapid amdefmaOdt^ 
cftkeeewwortf Do volcoMoe ever throw oitimiudemi 
water? iioet the water ever coniainfiehe§T Aneikm 
eimOar to thoee rfthe Q^acefUlakeel HtattSfiMpal 
Are MUnfC epringe daieed with tokemie fhtm emem t 



l&mne|ila6Mibeheftt h applied tovarioaiecnaomicat 
pammUi as for ^Mmrming houM, hatdiiDg tm^ iee. 

Hot fprinfipihaYB been obeerved in levml j^aeea in the 
Unftod Btateik In Arkannus on the Waihita river, a 
ce wid eiftMe mimber of these Bpringi break oat fiom the 
ddexif a hiH, and in a ravine between tivo hillfl. They 
are alMDt 19 ki mlnlb(n^ and vary in their temperature 
ftoni 90 to 140 def^reev^ Fahrenheit^i thermometer. 

There are veiy many evidencea that voleanic aetioo 
haabeen fiur more active in former peiiode of time than at 
maeiit. ** The cratera of many ancient volcanop are of 
mr mater extent than the premt ones. Ven^ 
wbam & a comparetively imall cone, nuaed within the cra- 
ter of a larger volcano. The cone of the Peak of Tene^ 
rifib alande within a vdcataic plain oontainin^ 80 egoaie 
rnika of lorface^ rarroanded vf perpendicnlar precipicca 
and moimtaim which were the border of the acMdent cra^ 
tar/' Afl theee eraten, accordinjif to M. Humboldt^ are 
dii nip o ti ve apertores, oompued with the Immenee chaima 
throQgh which, in remote ages, subtenanean fire has A»> 
eed a paange through (he emit of the globe. Many of 
theancient volcanic rocks have not flowed in cnrrents 
IhMn limited ap^nres like modem lavas. ^ The volcanic 
porphyries on the back of the CkNrdilleras," says M. Hun^ 
botot, ''are undoubtedly of if^neous oriffin ; biut the mode 
of their formation is not like modem bvas. The action 
of vokwiio fire by an isolated cone or crater of a modem 
volcano, diflers necessarily from the actkm of this fire, 
through the fractured crust of the gkibe." The onlv har« 
crjrstalline rocks forming at the present day are volcanic ; 
and if vre tmce the connexion that exists between the 
noOem and ancient volcanic rocks, and between the Isi- 
ter and tito rocks of trap and porphyry, among the ancicBt 



h the heat of hct BpringM ever emvlcfedfbr uuflU 
furpoeeef Bine hot epringe hem obeerved tn the Vm» 
tedStaiee? Where htneeeverai been found? Dovot^ 
camoe appear to have been mare active tn fitrmier Hmee 
tkimaipreeeiUf ihiheandeniToleawieroeke appear 
fokavejkme d ineurrenie aeaifo'eeefU? 
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nek Ibniiatiooiy we diall eztead the dominioa offireover 
a larffe pait of the globe. 

Volcame locka are principdly compoeed ofieldiqper and 
augite, very minutely intermixed^ and they vary in their 
appearanoei a« one or the other of these minerals predoni* 
inates. The lavaa in which feldspar ahoondS) have oen- 
erally a whitish or ffrayidi color, and melt into a mite 
glass : those in whicn augite predomiDates are daric color- 
ed, and melt into a black glaus. Various mineral sub- 
stances are ibund imbedded in volcanic rocks or in thek 
fissures, as ores of iron, bitumen, mica, garnet pftetne, 
iron pyrites, dbc. The difiorent structures of lava^ as vit- 
reous, compact, stony and scoriaceous or spongy, depend 
on the dimrent circumstances attending its cooling. If 
eooled rapidly, it is vitreous ; if slowly, under pressure, it 
is compact or stony, and the sur&ce of lava currents k 
generally scoriaceous or spongv. Pumice is a whitiib 
fibrous spongy lava, and so light as to swim on water. 
Immense quantities of pumice are sometimes thrown up 
by submanne volcanos. It has been seen floating upon 
the sea over a space of 800 miles, at a great distance fnwi 
any known volcanos ; and hence it may be inferred, that 
submarine volcanos sometimes break out at such vast 
depths under the ocean, that none of their products reach 
the surface, except such as are lighter than water. 

Another product of volcanos is sulphur, I n the crat^ 
of some extinct volcanos, it occurs in great abundance, and 
is auarried out like stone from a common quarry. The 
solia-tara, near Naples, is an example, and various salts 
are made in them, as alum, sal-ammoniac, d^ 

Trachyte is the name given to a whitish volcanic rock, 
the grains being sometimes very minute, and has thmi a 
glistening lustre. It is mostly composed of feldspar, and 



Of what are volcanic rocks composed? Are many 
mineral substances found in volcanic rocks f Upon 
what circumstances does the difference in the stmdiure 
of lava depend ? Has pumice ever been found floating 
far from any known voleanot? What do you isiferfnm 
this? WhereiMmOphurfauinAt, WMUt^PmOiiUt 
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•ometiniM beeomeB porphyritic, and fosttetimea panM 
into dinkstoDe. 

The vdeaiiie, trap, and primitive rocloyfABi into each 
other by almost insensible shades, and it seems fitlfnost im- 
poBsible to conceive that the same cause which has pro- 
duced one, has not also produced the other ; b;ati*t differ- 
ent times and under diflSsrent circumstances. 



CHAP. XIV. 



Recapitulation of the principal pacts of gboloqt, 
ano a sugbt discussion of some theories. 

1. The earth's surface is composed of various layers of 
sand, clay, and rock, and various mixtures of these. 

2. Rock is found at a depth varying at different place* , 
but af\er the solid rock is once resumed, it continues as 
iar ad the power of man has enabled him to penetrate. 

3. There are many kinds of rock, each having its pe- 
culiar characters. 

4. These rocks have particular positions in regard to 
each other, so that when several occur together, they lie 
one over the other in a certain order, which is never in- 
verted, r 

5. Rocks sometimes alternate with each other, and then 
they arc repeated in the same order in each successive 
series. --- 

G. The layers of rocks are not always level, but are 

Do the trap and volcanic rocks pass into each other 1 
And do these graduate into the primitive rocks 7 What 
consequences seen% to foltmo ? Of what is the earth's 
surface composed ? Is rock always found bdow the sur- 
face 1 Are there many kinds of rock 7 Have they par- 
ticular positions in regard to each other ? Do they ever 
alternate 7 Are the ktyers always level ? 
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often more pris^pr inclined,- and often ibey mt noadj ter- 
tioal. ./ V 

7. Thtf layen are not always plane, but ■ometiiBesfiM* 
•ent a cunred and bent form. 

& Horisbntal layers of rock sometimes rest or lie apn 
those'tlvjBit are inclined, but the reverse is not obeerrcd- 

DC -de he strata of roclr often present the appearance of 
havkig''beeD cracked through like ice, and the fissures fil* 
led up with stony matter, oy which the rocks are agaio 
ce'mented together. 

.. 10. Veins containing the same minerals, generally tra- 
verse the rocks in particular districts in the same diree* 
tion. 

11. Several sets of veins are sometimes obsenred intfal 
same rocks, each set having its particular minerals^ and 
by their intersectkms, the relative ages of eaeh may be 
determined. 

12. In the vicinity of these veins, fissures, faults^ anil 
dykes, the rocky masses often CM'pear to have been mofed 
from their ori|i^nal positkHi. Thev seem to have been 
tilted io a direction di£brent from the mass with which 
they have been connected, or to have slipped down tea 
lower level. 

13. The stony material of the veins and dykes Is som^ 
times of the same kind as the rock, but frequently it isdi^ 
ferent, and sometimes is composed of metallks ores. 

/ 14. There are two great classes of rocks distinct fron 
each other in their characters. One is composed of min» 
ral substances more or less crystalline in their texture, and 
never contains the remains of animals or plants imbedded 

Are they cdwaya plane ? Do horizontal Icnfers eur 
re9tupontnclmedone9 9 Is the reverse dhterved? Ds 
the strata appear to have been cracked through tmdc^ 
mented together (M^ain f Do particular veins fbUsm 
particular directions 7 Is more than one se< rf veins 
ever observed in the same rockl What appearance is 
observed near veins, faults, dykes, $fc, f Is the aimy 
material of veins always different from the rode thrff 
iK^iek it passes 1 Bow many fpreat dasses ^ rtKJk OO' 
cUr? tins are they disHnguMedJrom eaei other% 



BSCAPirtfLAttOM. IQB 

In its maoi ; the other is compoeed of framenU and oem- 
jninuted parts of the firsr, of sand, ffravel, or clay, agrgt*- 
j^ted and cemented tof^ether, containing sometimes wood, 
variooB remains of animals and plants, or of limestone, 
Viiich is often almopit entirely compoeed of shells and the 
remains of various marine animals, 

16. The rocks containini; the remains of animals and 
plants, always lie over those that do not contain thesn. 

18. There are many rocks containing orfi^anic remaios, 
■end each of the series of formations of these rocks^ is 
•haracterized by certain (groups of fossils, as well as by 
U» mineralogical characters. 

17. The foBBiU imbedded in the rocks \png lowest in 
the series, are almost entirely different from any now 
J^DOwn to exist in our seas, or on our islands or continents. 

18L The fossil organic remains imbedded in the rocks 
t^hich lie higher in the series, approximate more towards 
f listing species, and in the rocks of more recent origin, 
taan^ of the species are similar, and perhaps identicaJ, to 
ipecies known to be in existence. 

19l The rocky strata generally have their outcrop par- 
allel to the principal mountain ranp^e, and they slope off 
(rom it on each siae. 

.20. Certain minerals are almost constantly associateil 
lyith certain other minerals, or in particular rocks, so that 
if some of them be found, the others may protiably be 
finind by search. 

21. Volcanic afi^ency has been often exerted to raise 
enormous masses of minerals and rocks from a lower to a 
higher level, sometimes in a fluid form as lava, and some- 



What ia the ponlion'of the foaailiferauB rockavith 
r^ard to those which are not wo 9 Do many of the 
rocke contain fosnU 7 and how are they charactertzedf 
Bow do ihejbesile in the loweat rocks containing UienK, 
compare with those now existing 7 How is it in the 
more recent rocks 7 What is the /general direction of 
the outcrop of strata 7 Are certain minerals associat- 
sd with each other f Has volcanic agsncy ever been ex- 
erted to raise islands and mountains f 



/' 
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times ia the lolid atatci as volcaDiciilandiaiid monntaioi^ 
ftnd evea large tracts of eoantry. 

22. Many parts of the surfttce of our planeti has besD 
repeatedly ddu^ by eruptioos of lava. 

23. Yoloanos of the present time rarely fnodiice m 
compact lavas as ibrmeriy. 

24. Volcanofi are now nearly inactive, in comparisoo 
with their former state. 

20. The temperature from the surface of the earth to a 
depth of from 20 to 60 feet, is variable from the eSoct of 
the seasons and the filtering of spring water, but below 
that the temperature is constant at the same point. 

26. The temperature of the earth is variable at difie^ 
ent places at equal depths, but it constantly increases in 
intensity as we descend farther. 

27. This increase of temperature, varies from one to 
two degrees of Fahrenheit's thermometer, for every 100 
feet in depth. 

28. The surface ofthe earth shews that it has been sub- 
jected to the action of powerful currents of water, since all 
the regular rock formations were deposited. 

29. In the deposits fpom this inundation, the remains of 
innumerable animals, nearly similar to those now exisi- 
ing, were entombed. 

30. Local deposits are now forming from the actioQ of 
rain, streamfi, currents, winds, and animals, tending Id 
modify and alter the present enrface of the earth. 

Do any parts of the earth appear to have been re- 
peatedly deluded with lava ? How do recent lava^ com- 
pare with the ancient ones 1 Are colcanos as active as 
they were formerly^ Is the temperature of tJie earth 
variable near its surface 7 • To what deptlk^ JFVow 
what causes ? Is it, variable at equal depHis h\ different 
places, f. At the saw e poi)it^ how does ths temperature 
compare aX diffei'ent times! As you descend furihsr 
into the earth, now do the ieinperqtures cowmre ? Bop 
mitch does the temperature incrensel jt/iat does ike 
surface <f the earih shew? What are found in the 
deposits of this inundation? Are local deposits now 
arming'? 
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Tbfliaare •ome of the priiici[>al &cts upon "vrhieh geol- 
0|gy reiUi as a Bcience. Geok>ff v is a Bcience of f actf, and 
boi no oeceMBry connection with any of the various theo- 
ries, which have been broajj^ht forward at difierent times 
to account for the formation of the earth. Those theories 
were framed by their authors nfter having observed a few 
facts, and then ffivinjp^ a free course to their imaginations 
to carry them to their results. 

Theories are useful to the progress of any science, by 
eondensing focts, and by producing an accumulation of 
them '* for the purposes of support or attack." — Cleav§- 
ktnd^s Mineraiqgv, p. 719. 

There are two tneories that agitated the scientific world 
for some time, and which ought not to be rrnssed over in 
silence. They are founded on facts whicn are not to be 
misundenBtood. Geologists do not admit either of them to 
the exclusion of the other, but adopt such paits of each, as 
are supportCKl by estabUshed factd and strong probabilities. 
The reader has seen that fire and water are the active a- 
((eots in producing changes upon the earili's surface at 
present* it was owing to a didorence of opinion among 
geologists, as to whether caloric, cA^^ater, was Jormet'ly 
;he agent causing the changes which are inJicated by 
iie various geological phenomena, that these two theo- 
'ies, the Huttonian and Wernerian, were formed. They 
ire also frequently called the Vulcanian and Neptunian 
.heories. 

Before proceeding to the theories themselves, it may be 
nrell 1c mention Bome points upon which they depend, 
xni\ which aie supported by the strongest evidence. 

1. " The minerals, which compose £e external crust of 

From what causa has geology any necessary conve&- 
tiantnth theory? Of what use are theories? Have 
any particular theories excited much discussion ? Are 
they founded on facts 1 Do geologists admit either of 
them fully 7 What parts of them are admittedl What 
causes are now effecting changes wpon the earth^s sur- 
face ? What gave rise to the two tJieories referred to 7 
What are they called ? What appears to have been the 
state of ihematericds of the earth at some former period ? 
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the globe^ fhmi the ■ommit of the higheil mouDtain to Chi 
lowest point hitherto explored, most, at Minfi^fomier pof 
od, hate been in a fluid itate ; and the eohrenti nrait, «r 
questionably, have been calorie, or water." 

2. ** The distinctly crystalline stmctore of moit d* At 
primitive rocks, and the numerous rc|talar eryatab wbith 
they contain, decidedly indicaie a previoaa rtate of fltfe' 
Idity." 

8. ^ The numerous orgfinie remaini^ whieh eniC b 
secondary rocks, unouestionably prove, that each roeb 
have been deposited from water. It is well known, thil 
difierent sorts of secondary rocks have been deposited tf 
difierent periods. And it is equally evident, from an in^ 
spection of the ory^nic remains in seeondaiy rodii^ tbft 
tois ancient sea was tuccetttpe^peopled by diflereot m- 
tea of animals."— CVeavlafici, 72S. 



Wernebian tbeokt. 



/ 

^ At Bomeformer perk)d this gk)be has, for a loiup tim^ 
been covered with vn^^ to a greater depth, than the oiv 
ginal altitude of thmghesr mountains. This immeiw 
body of water was then tranquil, or very nearly ao^ and 
oontained in solution all the materials of whieh the pret- 
•nt crust of the globe is composed. In this state, chemicai 
deposits, exhibiting more or less of a crystaliioe stmetoisy 
were gradually made, and invested the nucleus of tbi 
gbbe. These chemical deposits constitute the primiiim 
mcks^ consisting of granite, gneiss, mica slate, granulsp 
limestone, &f . and are distinguished by their cryatallint 
structure, and by the total absence of organic remaioL 
During this period, most of the highest moantains weif 
formed ; for their summits consist of primitive roeka. But, 
by a gradual subsidence of the waters, the summita of tils 

What ia the ttmcture of the pHmitite rocks t Wkal 
are found in the eeeondary rocks f What does the fad 
prore? Were these rocks deposited at different peri- 
ods? Does the sea appear to hase been feopfedtfd^ 
ferent races in succession? ffhaf ft t^ Wfmsntm 
theory? 
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tmoimtaiiMi were hft naked ; the tranqafflity of Ui». 
wee diitarbed, and carreate were conteqaeiiUy 
Bd. By thorn cur re nt i , the oakediiecki would be 
nd partially dimnteirrated ; aod the grain or* fmn^ 
thne produeed, wooid be difibitfd Ihrooffh the maai 
«r. The rocks formed at thli period, would, of 
cenriet partly of chemical and |MUtly of. pieebanr 
ipoute. They would alio lie over the primitlTe 
ont, in eoosequenee of the diroim)died altitude oT 
.ters, they ^leould appear at a kfwer level, often rte* 
I the declivities of primitive mouDtains. Many cf 
bs of this period contain organic lemains of ma^ 
liinals and marine plants, 
organic remains nttLke their first appearance in the 
I this period, it is supposed, that the rocky shore% 
bad recently enerji^ from the great deep,- were 
I to a habitable state. Hence this dass embracee. 
re celled transiUon rocks^ consisting of gray waeki^ 
arieties of limestone^ greenstone, argillite, &c. 
the level of the great ocean still continuing 1o sink, 
xtensive portfcKis of the eaj^ were left exposed to 
sreanng vk>lence of the etm^itsL and .the solutkm 
was origihaHy chemical, now became in a great 
composed df grains or comminuted fragments, do* 
from the older rocks. Hence the minerals of this 
consist chiefly of mechanical deposits. They lie 
e two preceding classes, but still appear at a lower 
n consequence of a greater snbsidcmce of the wa- 
Hence, also, thev ere fonnd near the base of high 
iinis or in hills or moderate height, or in vallies, or , 
plains, sometimes at a great distance below the 
I surface^ This class is composed of the secondary 
and embraces saiidstone, most varieties of compaet 
me and of gypsum, chalk, basah, some varieties U 
tone, coal, £e. 

[tensive portkNW of the erast of the globe had now 
B dry : new species and genera of animals inhabits 
waters, or dwdt on the land, while nameroos ve- 
es adorned the' shores and other parts of the earths 
9. Hence the secondary roeks abound whhorfaaie 
IS, both of animals and vegeiaUes, Heoee^ alss^ 
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the abundanee of tutumiiioiMi ndbttanom in this 
havinfi^ proceeded from the decay of ofi^iaed 
There are a few ezci^ioiu to the fleDeial feci cc 
the law levei^ at which the seooodary rocks unialijr wf 
pear ; for they somtftimes rest on the tKiniimte of monnNrfni 
highly elevated. Basalt and wacke are aiaaong the see- 
ondary rocks thus found. These elevated strata of «eoD- 
dary rocks are supposed by Werner to have be^ d^NMBtcd 
during a second and sudden rise of the oceaOy aftte ii htd 
once greatly subsided. The preceding deposits of raeb 
are supposed to have been univereal limnatiooik "like tiw 
coats of an ooion. But various subsequent revolatiom and 
changres, have, in many instances, destroyed or coneeaiwi 
the continuity of strata. This universality in the^fbnns- 
tions of rooks, is an important point in this sjratem. Two 
other classes of comparatively small extent^ vis : idfcifial 
deposits and volcanic ejectioos, complete the seriea cimor 
eral formations." — Cleveland, p. 728. 

HUTTONIAN TBEORT. 

" In the theory o|Br. Hutton, caloric constitniBstlie 

most important agent. This theory supposes the soKd 
crust of the present globe, to have proceeded iromthediB* 
integration and destruction of former continents by the 
gradual action of the atmosphere and water — that the 
ruins of those ancient continerits were transported by wa- 
ter, and deposited at the bottom of the ancient «eas— and 
that these heterogeneous materials, thus deposited, were 
consolidated by the action of subterraneous fire ; and, by 
the same agent, were subsequently elevated to form the 
present continents. It further supposes, that f^neiss and 
other stratified rocks, were only softened, elevated, and 
sometimes variously inclined, while granite and otherun- 
Btratified minerals were completely fused, and, in. many 
cases, forced upward by this powerful agent through the 
superincumbent strata. Hence we find granitic soronits 
surrounded by gneiss, mica slate, &c. Hence, also, me- 
tallic veins were filled from below by injections ol radted 

Oite the Huttonian theory. 
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IMul^grilioQ and partial dckructkn or existing mouiH 
m^.^aad Gootiiieoti^ and ior their traijipp^tioo to the 
i9Mm </ prewDt oceamf, from which, by the action of 
nbemneoiii fiie^ they are again to be raieed and confti- 
new and fhtiue ooatiDentii''---C3«m^afidl^ p. 726. 



, 4ho Weroenan theory is, in manjr parta^ fiDonded on a 
shpaobMrratioaofiaGifl; bat it iiK) interwoven with hy- 
■Qtlietieal fova^ which are not confirmed by succeeding 
SqvirvBtioos in other narts of the woildi that it cannot be 
QVaived- It is not all trae,aadit does not accoontfor all 
tliMS&etai 

. ThaHattoniantheoryoonsifltsofinferencesdrawnfrom 
hoti^ but the dedootiona are sometimes carried farther 
kban the fiwts warrant. It supposes the proKnt continents 
teifttd fipom the wrecks of older onei^ hacause. we find a 
bige portion of the roohsupon thesur&ce or the earth 
brmea of the fraf^ments of others cemented together, and 
dftan fiUed with the remains of animals that once inhabit- 
ed the sea. - But whether volcanic agency has caused 
Ifaoee lands to be elevated, whiclHAre evidently been for 
a long period under the surface « the ocean, is a point 
which is not conceded by all. It is however rendered 
bui^ly probable by some facts which have been mentioi> 
•aoiider the head of volcanos and earthquakes. The 
Huttonian theory supposes the secondary rocks, afler they 
were formed in the bed of the ocean, to have beep indu- 
rated by subterranean heat, before they were raised to 
beeome islands and continents. Some experiments by Sir 
lames Hall, which have bf en already mentioned, render 
this supposition probable. 

The Huttonian theory supposes the earth to have once y 
been in a melted state, and to have cooled giadually. / 

Jb the Wemerian theoryfaunded on/acli 7 Are kU 
theoretical conclunons coryirmed ? Are the deductions of 
the HtUtOfiiaa theory carried farther than Jacts war- 
ratU? Are hie deductiotie rendered high^f probable f 
Whaijuitifiea the eonclueion that the ecSih has been in 
a melted state 9 
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The phenomeoa of votcanoi and Tein^ and the iO^ 
etantly increasiiiA temperatare obee r ved in peDetntiaif 
bebw the turface, aeeni to justify the ooodamm that tv' 
earth has heen fluid, and that it still ipay be eo at ft coor 
■iderable depth below its surface. 

Since the discovery by Sir Humphrey Davy that At 
alkalies and the eartmare metallic oxides, some havean^ 
posed the ioterior of the earth to be a mess of the earUiy 
and alkaline metals. Man^ of these metals when in es^ 
tact with water decompose it, and bum wHh the evoliitiBB 
qf intenpe heat. Large quantities of gaseous itiatter and 
▼aper am produced. If the waters oithe ocean wen to 
filter through the fissures of the rockp and come in eoDtasI 
with such materials as many suppose to oonstitute the fst 
terior of the earth, intense heat would be evolved, the na- 
terials would be melted, if they were not ao alreadyi 
highly elastic vapocs and gases would be formed in in^ 
mense quantities, and all the phenomena of voleaoos aod 
earthquakes would be produced. The efiects would a» 
count for most oi^ the facts obseryed, as in metallie and 
other veins, dislocaticM^obliquity, contortion of strata. Ac 
y In concluding this^tetch of geology, it may noTbe t^ 
^nifls to give Prof. Silliraan's views of volcanic phenomenSb 

ion o€ nom 



geological facts. His views are not entirely originaL bol 
have been extended much beyond the suggestiona wmctr 
led to them. 

"The act of creative energy, admitted alike by religkw 
and philosophy, necessarily implies the production of aS 
the elements ot which our physical universe is composedt 
How far these elements were originally united in binaiy, 
temarv, or still more complex combinations, we cannot 
possibly know. The revelation of this fact, not being ns« 
oessary to ouf moral direction, has been withheld by the 
Creator, and we know only, that, '* In the beginning, <M 
created the heavens and the earth." As to ^e actaal 



Of what «ff ih6 interior of the earth supposed by 
%ohe comfpoeedT WhaiwoiMbethe thiwryfof voleam^ 
tietionupon1ki»9uppoeition? WoMthe^edeaeeotm^ 
for moit of thifaste sf /(eoU^f 
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eodditioo of the dementi, at that Drimeva] period, scienea 
nay fairly enquire, and ii justined in reaaoninn^ within 
Cte liiniti preeeribed by our moral condition and intellect 
Cualjpowenk 

^ u we suppose that the firrt condition of the created 
dtonoents of our planet, was in a state of freedom ; the 
flMie beinff a mass of uncombined combustibles and met- 
Smi and that the waters, the atmosphere and chlorine, and 
iodine, and pertiaps hydrogen, were suddenly added ; it 
will M obvious, from what we know of the properties of 
these elements, that the reaction, awakening enerjo^es be- 
lovB dormant, would produce a general and intense igni- 
don, a|id a combustion of the whole surface of the planet 
Potassium, sodium and phoephorus would first blaze, and 
would immediateiy communicate the heat necessarv (e 
Mng on the actkxi between the other metals and combust 
flblesy in relation to the oxygen and chlorine, and in rela" 
tlon to each other. Thus a iteneral conflagration would 
fm the first step in chemical action. 

** In this manner might be formed the fixed alkah^en^ 
Ihe earths and stones aiM rocln,— the metallic oxides pro* 
fierly so called, — the sulphurets att i^iosphurets of the^ 
flietus,— carburet of iron,— the acids, including the mo* 
fuUio, — and ultimately, the salts, and chkmdes, alkaline^ 
earthy and metallic, and many other compounds resulting* 
either from a primary or secondary action. In such cir* 
eumstances, there would also be great commotion : steam, 
rapofs and gases wouVX be suddenly evolved in vast 
quantiues, with expk)sive violence ; the imponderable a- 
genti^ heat, light, electricity and magnetism, and attrac- 
tion, in various ibrms^ would be active in an inconceivable 
degree, and the recently oxidized crust of the earth would 
be torn with violence, producing fissures and caverns, dis- 
loeatkms and contortions, and obliquity of strata ; and it 
would everywhere bear marks of an energy then general^ 
Uii DOW only local, and occasional. It is however obvi- 



What are Prof. SiUimaiCa view$ upon the mippoeititm 
UkU the ifUerior of the earth ie eompoeed of (he alkalme 
and earihif metale 7 
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riooB. that this inteoid actioD would aet bonnda to kidf ; 
and that the chemical eombiuatioDi ivould ceaae^ wbeo 
the cruit of incombuBtiUo matter thus ibrmed, had became 
«ufiiciently thick and firm, to protect the metals and eoo- 
bustibles beneath, from the water and air, and other ae- 
N^ive af^ents. 

<' As ¥7e are not now giving a theorv of the earth, bat 
merely stating the conditions of a problem, wefbrfaear t» 
descant upon many obvious collateral topics, or to ponoo 
the primitive rock formations through the ▼iciaotcidai 
whicn might have attended them. We do not even ny, 
that we believe that such events as we have altemplBd to 
describe, did actually happen ; we say only that their ei- 
iatence is consistent with the known propertiei of the 
chemical elements, and with the phvacsLi laws of our 
planet Supposing that such was the aetnal state of' 
thinfls, it is obviotis that the oxidated crust of the globa^ 
would still cover a nucleus, consisting of metallio and in- 
flammable matter. Of course, whenever air and water, or 
saline and acid fluids, might chance to pen^bvte to ihii 
internal magazine, the same violent action which we have 
already supposed to Save happened upon the aorftfli^ 
would recur, and the confinement and presemre of the hi-' 
cumbent strata, increasing the effects a thoasemd W, 
would necessarily produce the phenomena oi earthqnakei 
and volcanos. Still, it is equally obvious, that every le- 
currence of such events, must oxidise the earth deeper 
and deeper, and if the point ehoul'} ever be attained, wbeo 
water or air ceased to reach the inflammable nucleus^ or 
tlie nucleus were all oxidized, the phenomena must cease, 
and every approximation towards this point would render 
them less frequent. 

" Does this correspond with the actual history of these 
events ? Are they now less frequent, than in the eariy 
ages 0^ our planet ? The extensive regions occupied \!f 
rocks of acknowledged igneous origin, but where fire is 
not now active, wo d seem to favor this idea ; but the an- 
swer to this question must depend bo much upon the theo- 
retical views entertained of the formation of granite, and 
of the other primitive rocks, that it may be impossihle^ at - 
present, to bring it to a decision. - ■ -, ' '^ ' 
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^ Whatever we may think of the hypoiheeia now de- 
tailed, may we not suppose, with sufficient probability, that 
those vo^toic powers which we know to exist — whose ac- 
tioD we can command, and whose effects havine: been first 
observed within the memory of the present generation, 
flow fills us with astonishment— are constantly active in 
prpdacing the phenomena of earthquakes and volcanos? 

^ Arrangements of metals and fluids are the common 
means by which we evolve this wonderful power, in our 
laboratories ; and it would seem that nothing more than 
jaxta-position, in a certain order, is necessary to the ef- 
fect. Even substances apparently dry and ineit with res- 
pect to each other, will produce a permanent, and, in pro- 
portion to the means employed, a powerful effect ; as in 
the columns of De Luc and Zamboni. It would seem in- 
deed that metals and fluids are not necessary to the ef- 
fect. Arrangements of almost any substances that are 
of different natures, will cause the evolution of this pow- 
er. Whoevei ha<! witnessed the overwhelming hriiliancy 
iCkid intense energy of the great cralvanic combinations, 
especially of the deflagrator of Di. Hare, and considers 
how Tekgf trifling in extent are our largest combinations 
of apparatus, compared with those natural arrangements 
of earthfl, salts, metals and fluids which we know to exist 
in the earth, in circumstances similar to those, which, in 
our laboratories, are efiectual in causing this power to ap- 
pear, will not be slow to believe, that it may be in the 
earth perpetually evolved and perpetually renewed; and 
now mitigated, suppressed or revived, according to cir- 
cumstances influencing the particular state of things at 
partksular places. In our laboratories, we see emanating 
from this source, intense light, irresistible heat, magnetism 
in great energy, and above all a decomposing power, 
which commands equally all the elements and proximate 
principles in all their combinations. 

What is said of the effeet of the voltaic powers 7 Are 
Bitch phenoTnena produced by the different rocky, earthy 
and Jluid materials of theg-lobe? Would the theorij 
mccaunt/or mast qf the observed facts of Geolog^j? 

H 
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Sir Hompbref DaTf, after di'QQV'^W tb<it tb^jop- 
ponera ot coaibuitioii and thq.addk wmi». dI| bvoIt«] at. 
the positive pole, and tlm coiqbiw^ilH apd inetBl% u^ 
thdr oxidated [nwluetBi at the maa^ve^^inred, thpt 
evsD the firmeat tdcIu and tfonea oonTd no^retut thjapqi^. 
er, their immwliate priociplea and elepeafa, Wwmt- 
raied by ita enerfcy. The decoiii(iosilK)q m. the alltvii^ 
earths, and other melallic ox)dea, being a direct and now 
familiar efiect of vdtaic eneigy — thelf metala being Kt, 
at libetty, and beine combustible both in air and water— 
elastic B^entH prooijced by this power, and rariQed hy- 
heat, being alao attei^dant on these aecompoeitinn^ it 
would leeni that the firat principles are fully eBtabliaoed 
by e^periiDenl, and that nolhin)^ is hypothetical, but tlie 
appUcationtothejihanpmcnaDl' earthquakes and voIc^ihs. 

" It appears an important recommeDdatioa of the prgft- 
eot view, that causes are here provided which admit a 
indefinite continuatjoo, end of unhmited renovatioo^— 
There appears no reecnn why, on the whole, tha pheoom- 
enaahouln ceatie, BBlondasihecarthexiB^. Ithaithen-. 
lore the ereat Newtanyui requisites of a eood tbeoi^ ; at, 
prineiplea are trwe, and ii is auffictfnt."~^lfitiarfi 
mUUne in the 1st American edition of Bakev^t Ga^- 
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History of Geology. 



We learn, that the speculative part of Geology, enga- 
gied the attention of mankind at a very early period. 

The priests of Egypt maintained the aqueous origin 
of the globe; Thales taught that the solid materials of 
the Earth were deposited from water ; Zeno that fire 
was the " prima materia," and the Earth formed from it. 

In the limited number of physical subjects that enga- 
ged the attention of classical antiquity, we can include 
but a few insulated phenomena that come within the 
limita of Geology. 

Such' striking natural appearances as earthquakes andr^ 
volcauoei^ could not escape notice, and we find crudS ' 
theories to account for them in various authors. 

Thefivmation of new land by the mud brought down 
and deposited by rivers, the appearance of new islands in 
the ocean, and the encroachment of the sea on the land, 
are not unfrequently mentioned by Pliny, Aristotle, and 
Strabo. 

With one of the great facts of geological investigation 
and speculation they were also acquainted* This 
fact, is, that shells, and various other organic remains,. ,. 
occur in immense quantities, emt>edded in the solid rock, ' 
and ollen at a great depth below the surface ; but it 
seems to have excited little of their attention or curiosity. 

It seeioM singular that this fact, which would have af- 
forded demonstrative evidence of the favorite dogma of 
some of their schools, that the face of nature was con- 
tinually changing, and what was now dry land, was 
once covered by the sea, should have been overlooked. — 
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Ovid alone, with a view to i1 Initiate the above doc- 
trine, puts into the nM)uth of Pythagoras, the wordi^ 

**Vidi Ikclmi ex equore terru 

" £t proeil a peltgo conebs Jieuere marinae." 

In (some of their phjriical notions, we perceive tbs 
^rins of more modern theories, or at least, the theoriei 
have been formed from an imperfect observation of dmi- 
Jar facts. 

The theory adopted and adorned by Bufion, who ap- 
pears to have considered the displacement of the aea ai 
a periodical revolution of nature ; and the wild bat 
splendid concepUoo embraced by many of the ancient 
schools, and particularly by the Stoics, that theE^rth 
had experienced frequent destructions and renovatiooi^ 
through the a^ncy of igneous and aqueous devaiUh 
tions, recurring afler distant intervals of time, reminds la^ 
in many points, ot the Huttonian tjieory of the Earth.^ 
It seems more consistent, however, with the general teoor 
of their philosophical specalations, to believe that it was 
deduced from their high '*a priori" principles, rather 
than from any train of inductive reasoning, founded oa 
obmrvation. 

Middle Afirea. t 

In the middle ages, the Arabian writers seem to hate 
cultivated mineralogy with some success. 

Teiiih Century, 

Avicema, at the close of the 10th century, wap the fin 
who laid the foundation of a rational arrangement « 
minerals. 

Several Italian writers noticed the appearance of ft 
m\ shells in their hills at an early peiiod. 

FifleenUi Century. 

In the 15th century, Alessandro degli Alessandri, t 
po^ed the hypothesis, that the axis of the Earth's r 
tion, might, originally, have had a different position / 
the present one, as a means of accounting for the du 
in the place of the land and sea. 
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Sixteenih Century, 
icastoro, in 1517 entera at large into a discussion of 
nd havinrr been covered by water, and be arrives at 
inclusion, tiiat the phenomena are such as cannot be 
tned by a transient convulsion, such as the deiu|]^ 

s change in the axis of tlie Earth, found an advo* 
1 more recent times in Voltaire, who believed in the 
radition of the Egyptians, that the sun had twice 
n tlie west within the memory of that nation, and 
ed this, to a revolution ot the EaKh's axis around 
' its equatorial diameters, which he imagined was 
eted in 4,000,000 years. 

I however needless to add, that astronomical obserr^ 
does not afibrd the slightest ground for these specu'* 
I ; the real change in the obliquity of the ecliptis 
confined within very narrow limits, is inadequate 
ount for any geological phenomena. 
>rge Agricoia, who floumhed during the first half 
16th century, published on several branches of 
ilogy, and he illustrated in a full, precise, and clear 
$r, the various phenomena of metalic veins. 
)re the close of the 16th century, George Owen, ui 
hman, left behind him a valuable manuscript work 
5 tojwgraphy of his native county. In this, we 
e earliest attempt to establish the important and 
nental geological fact, that the same seried of 
ucceed each other in a regular order, through ex* 
! tracts of country ; but bis work having remained 
luscript until recently, showf us a striking instance 
« anticipations of subsequent discoveries, whicll 
e often observed in the history of science, but can* 
ve contributed in any degree to their advanceroeot* 

Seventeenth Century, 

ing the 17th century, we find little but theoretical 
I without observation, as Burnet, or collectors with- 
sneral views ; but Llwydd, appears to have been 
ly acquainted with the fact, tliat particular shelli 
n particular strata. 
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' Lister, demands our attB<tiDP,<« the first pre poser oj 
rcffalar geo]officA\ maps. The very idea of this propo 
•al, shews aki aequaintanoe with the re^larity of gemo* 
iricuEd Btructare, oecarrin^ over extensive districts. lot 
other important Hbservation in relation to him, is, that tR 
was, in at least one instance, led to the distinction ot Mtra 
to, by their organic remains. 

Eighteenth Century, 

Woodward's essay on the naturail history of the Eartf 
in 1702, was the first thifi^ published in England thaa 
contained any important jEceoiogical facts. 

The discourses of Hooke on earthquakes in 1705, thi 
physico theological discourses of Ray in 1713, nnd thi 
new theory ot the Earth by Whiston in 1722, wen 
chiefly of a speculative nature. In 1723 we find the ar 
rangement sf the strata in regular zones, described b) 
Hollo way (Phil. Tra?is.)and by Mr. Packe in 1780; am 
about the same time Strachey, described the coal districi 
of Somersetshire, and he dbserved the inclined position o 
the coal strata and the horizontal superincumbent rocks 
Btrachey was also acquainted with the regular snooe» 
aion of strata. 

Towards the middle of the 18th century, the scattered 
rays oi' information are eeen beginning to converge into 
a stronger and more steady light, and to approximate to 
a regular system. 

In 1740, DeMaillet, who had lon^ resided in Blgypt, 
adopted the opinions of tha ancient phiiosophere, and 
having seen the waters by their earthy deposition eoo* 
tribute to the extension atid formation of land, he at- 
tempted a general explanation of the formation of thi 
Sarth. 

. ' In 1746, Guettard first executed the idea proposed bj 
Lister years before, of geological maps, but by attempt 
ing too much, be brought his method into disrepute. 

Xehman in 17Q6 was the first to establish firmly (k 
great distinctions between the primitive and aecoDdarj 
rocks. 

In 1760, the' Rev. J. Mitchell, in a paper on the •caxim 
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tuid phenbthefia of ^rthqtkakes, gave the whole doctrine 
of the regular BUCcCasien of tlie stratified masses, conbti- 
tutiAg the crust of the Earth, and he observes that this 
structure is such, that we ma^ always meet with s'uc^ 
ceasiVe zones of the various mineral massea, lyin<; paral- 
lel to, and risinfi: towards tlie principal mountain range, 

Fuchsel, a German writer, made known that certain 
roclcs were not only characterized by their mineralogical 
structure, but hy their organic remains, in two works he 
published in 1762 and 1775. He determined liie relative 
positions of many of the rocks. His theoretical geolbgv 
is remarkable, and far superior to that of Werner, which 
was afterwards so getierally adopted. See Dda Beche^ 
p. 181. 

In 1778, Whitehunst's enquiring into the original 
state of the Earth, although mostly theoretical and spec- 
ulative, contained some good observations on the geologi- 
cal structure of some parts of England. 

James Douglass, in 1785, published a dissertation on 
the Antiquity of the Earth, in which some organic re- 
tenins were particularly considered. 

In 1788, Hutton published his theory of the Earth, 
and tTiis is a work which has exerted a lasting influence 
over geologists. Hutton has the merit of having first 
directed the attention of geologists to the important fact 
of granite veins issuing apparently from beds and strata 
of granite, and traversing nil the surrounding rocks. 

He also brought forward in a istriking manner, t|;ie cir- 
cnmstances that seem Co ghew the igneous origin of the 
trap rocks; but the wildness of some of his theoretical 
views, may well go to counterbalance the utility of tlie 
facts he gathered from observation. 

Werner published his researches in 1787, but his sys- 
tem 'seems to have received accessions until 1796. It is 
difficult to estimate his independent and real merits, as 
he never published much of his system ; we are inforni- 
^1 of it only through his pupils. His principal merits 
seem to have b^n in a superior acquaintance with the 
mineralogical characters of rocks, in having traced with 
minuteness the primitive, traiUiition,and secondary rocks 
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n that part of Gennaoy, and ui redueiDg liie hitherto 
fw^olar etementi ot' leeoloffieal leiracc^ into a niofe 
iCrict itfid syBtematie form. Hia CAeory miMt now appear 
to almost all, aa amonff the moiC uaphiloaopbical and mi- 
MKoeiuful jrvt (rameo^and hia few remaiiiing adhereoli 
are one by aoe iilwimlwlim, ^ 'D°"^ cbaracteriatie opin- 
iona. 

/ There appoara to have been in the character of Wer- 
ner a ronceiitratioo of all hia powen to the advancemeot 
of hill favorite puiiait, and hia leal waa conimunicaled 
to nil hij pupila. Werner, haa, by hia popularity, and 
tlie spirit of enqairy he aet on mC| prabobly done mora 
for the advancement of Geology, than any other indi vidn- 
al» niid he hai^ perhapa properly, been called, the faiker 
cfihe science- 

^ Tlie travela of Sauamire in the Alpa, afforded import* 
ant contribuf iona to geoloirical acience, bnd Pallaa, in hia 
mineralogical furveys of the Roauao Empire, haa coied 
many important ^^eolo^ncal facta. 

In 1790, 'Mr. Wm- Smjib, a roininii^ engineer, conv. 
menced hia geological reaearehes, and in a few yeaca 
publiahcd local maps of a eonaiderable portion of Enf^ 
lanJ. His labofi have ddno more to advance thiaaei* 
ence in England, than those of any other iiulividual, and 
bv many he is supposed to have done as much ibr it aa 
Werner. 

Since the commencement of the 19lh century, moia 
materiala have been collected to forward the scienoi tf 
Qeoloffy than had been before. A numeious and dbto 
clnas of ffeploffists have arisen since that time in Enf- 
land, and another in France, and the United States have 
produced some. The principal of the En^^lish Geolospsla 
are, Buclcland,De La JBeche, Conybeare, Phillipa, Mur^ - 
ohinson, Lyell, Grenouffh,Dakewell, Parkinson, WeMei^ 
Sadgewick, McCulloch, Taylor, Fox and Eiie de Bea» 
mont. 

Amonir the French |G|;eok)|y:istB who have done most 
may be mentioned Cuvier, the Brongniarts, (father aod 
aoD,)Boue, De Luc, and Sauisure. 
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la Germany, De Boch, Rauroer, Bboi, KefomC^oL 
Mid many otheri in varioui parts of Europe might 1p 
mentiooed. 

In the United States, Mnclure, Silliman, Hitcbcoclc^ 
Morton, Eaton, James, Hay den, Oimsteady Cleavelanri, 
Cist, Webster, and some others have been active in do* 
Telopinff the geology of the United States. 

Mr.MncIure and Gen. S. Van Renssalear, deservt 
notice particularlv ; the first for his great geological sur* 
▼ey of the United States, and his munificent donations 
to- the various scientific societies, of rare and valuable 
txwks ; the other fbr bis liberality in causing a minule 
geological survey of the State of New York and part 
of the adjoining States, to be made at his expense. — 
These two men have given an impulse to the sciencei 
tiiat must result in the developement of ttie geology and 
resources of this country. .^ 

Before geology ranked tis n- science, the efibrts of tlw 
early speculators were directed to the wild and ample 
region of pure theory, connected with the origin of the 
globe ; the connection of scriptural history with physical 
ovente, and the traces and eflfects of the Noachian deluge. 

The descriptive part of geology was then a blank.-^ 

For their soaring views, it would have appeared beneath 

Che dignity of science to classify rocks and minerals, or 

descend into a minute comparison of the organic remains 

entombed in the rocky strata, with the existing species.— 

Why should they, to whom nature had revealed her 

ample page, scrutinize the '* modus operandi," which, 

they inriaginod, would add little to a knowledge ef gene- 

ml laets or laws ? Why should the phenomena of active 

causes be minutely examined, the destructive influence 

9f Tolcanoes and earthquakes, or the devastating operik- 

tions of seas, and rivers, and torrents, when a comei 

mi^ht so easily in imagination he summoned to scorch the 

£arth from pole to pole, and by its attraction submerge 

the eontinents and change the axis. No dynamical effect 

Vn> too great for such resources. — As new phenomena 

^rnee, n6W underplots were added to the drama of cre»- 

tXN% and ID rt maincd until by new discoveries, new sub* 
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■tttalions were nmdered ne^eftary. An advftticiog sbite 
6f physical iciefitie,'ted'men to cofrctct the Faxity which 
the theories of the formation of the Earth had aasamed, 
in the time "W Burnet and Whiston, Werner and Hat- 
ton, both of whom 'fiaye much wer^ht to the fact of ob- 
servation, raised a neW'and very superior class of 'geolo- 
^sts. Whatever may have been the errors of their the- 
ories, it is certain that their influence bri the tninde of men 
has been of much importance in causing the advance of 
the science. HuttOn's doctrine of the cOnc^tidatibn ef 
earthy materials by heat and pressure, and Wemer*i 
theory of universar formations, wflk«' brought to the tests 
of experiment and observation. The one was confirmed 
more satisfactorily than could Imve been Expected Under 
factirioas circumstances ; the other Was shewn to have 
otifrjnatedin its utmost jzenerality in the narrow views 
of its in<renious but untra veiled author. One was passed 
by in eiient neglect, the other attracted crowds of^ dim- 
ples from all paHs of Europe. iThe former of these men 
died when his theory httd hardly attracted notice, the 
latter, in the full career of glory. Like the fabled Phe- 
nix, Hut ton's theory arose from his ashes, hut frotn the 
time Werner was laid in his grave, his was found 
wanting in the generality which he had assigned it. 

The acrimony, which the controversy between the dis- 
ciples of these two men produced, caused a reaction, and 
geologists resolvetl fbr a time to banish hypotheacsi and, 
unbiaSKil by theory, endeavor to view nature as she 
is ; and thus, men have become habituated to nsinjer 
well their hands and eyea^ and ttm^SuMing facts bHcfbre 
tlzeorissing. 
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ERRATA. 

tlie reader ii requested to make the foUowiog eorreetiooi with 
hif peot 
Fa^e 6lh, lOlh line firom the top, after geography, inaert vfkieh, 
** 6lb, I4ti^ do. for pointy read pari. 

** 8th, 9th do. for neaTier, read greater. 

" 8th, 10th and lllhdo. erase the eommat after near 
and earth. 
Page 9th, Ist fine at top, for volcanoes, read voleanos. 

*' 12th, 4th aod 5th lines from the top. for substance it, 
read substances are. 
Page 12th, lltb line from the bottom, for and, resd land, 
*< I5ih, 13lh line from the top, for thoarand, read thousand, 
'" 1 6ih, 8ih line from the bottom, after whole, insert niimfret. 
" 25th, 16th line from the top, for silez, read silica. 
" 27th, 9th do. for there appears, read hen 

appear, 
Pase 28th, 13th line from the bottom, for silex, read sUiea, 
" SSd, 9th do. for laminar, read laminci. 

" 44tb, 6Ui line from the top, for others, read other, 
*' 45th, Idth line from the bottom, insert ther^fira after 
roeks. 
Page 45th, 11th line from the bottom, erase /ossOs of Ihi, 
'' 47th 91 h line from the top, for slate, read alaiet, 
*< 54tb, 13th do. after the quotation, write £a< 

ton*s Geology, 
Page 56ib, 14lh line from the bottom, for magneaiumt Kad 



1» 

Page 57th, 6th line from the top, the same. 
*' 68ih, 7lh line from the holtobfi, for tprings, read epenikff • 
" 63d, 16th line from the top, erase tron ort, 
" 64th, 18th and 20ih do. for minerological, read mimt' 
ralogieaL 
Pase 67th, 22d line from the top, for shewii iMd thtw. 
** 67th, 10th line from the bottom, for monle, read mante. 
" 70ih, lOlh line from the top, for west, read $mrtk. 
** 75lh, 10th do. for for leveliing, read level, 

'*' 76lh, 12tb do. for phenomena, read pkituh 

motion. 
Page 82d, 10th do. ^ for firej, read fiery. 

" 89lh, 22d do. erase ^nd, 

*' 89th, 4ih line from the bottom, for arthquakes, read 
earthquaket. 
Paj^e 94th, 4lh line from the top, for Do!omica,read Dolomieu. 
<* 104lb, Sd do. for has, read have. 

*' 113th, S6th do. for laboratortes, read (o&ora* 

lories* 

Page ISlst, 8th do. for Renssalear^ read JBent* 

eelaer. 
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